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A B S T R A C T S
T he  p r i m a r y  p u r p o s e  of th is  s tu d y  w as  to c o m p a r e  the e f f e c t i v e n e s s  
o f  the a b d o m in a l  co ld  p a c k ,  the r u b e f a c i e n t  low b a c k  ho t  p a c k ,  w a lk ing  and 
su p in e  r e s t  as  r e c u p e r a t i v e  a g e n t s  f r o m  fa t igue  in d u ced  by  a s h o r t  bou t  of 
s t r e n u o u s  e x e r c i s e .  A s e c o n d  p u r p o s e  w as  to s tu d y  the h e a r t  r a t e  r e ­
c o v e r y  p a t t e r n  o v e r  a p e r i o d  of  f i f t e e n  m i n u t e s  u n d e r  the fo u r  e x p e r i m e n t a l  
c o n d i t io n s .  The  s u b j e c t s  in  th is  s tu d y  w e r e  tw elve  m a l e  s tu d e n t s ,  r a n g in g  
i n  age  f r o m  e ig h te e n  to twenty  y e a r s .  The  s u b j e c t s  r a n  a t  a r a t e  of e igh t  
m i l e s  p e r  h o u r  a t  a ten  p e r  c e n t  g r a d e  on a Q uin ton  t r e a d m i l l  u n t i l  a h e a r t  
r a t e  of 180 b e a t s  p e r  m in u te  w as  r e a c h e d  in  e a c h  of two w o r k  b o u t s  u n d e r  
e a c h  of  the fo u r  e x p e r i m e n t a l  c o n d i t io n s .
I m m e d i a t e l y  fo l lowing  the  f i r s t  w o r k  b o u t  one of the t r e a t m e n t s  w as  
u t i l i z e d  fo r  a p e r i o d  of  f i f t e e n  m i n u t e s .  A t  the end  of  the f i r s t  f i f t e e n  m in u te  
r e c o v e r y  p e r i o d  the s u b je c t s  p a r t i c i p a t e d  in. a  s e c o n d  w o r k  bout .  The a m o u n t  
of t im e  in s s c o n d s  r e q u i r e d  to r e a c h  a  h e a r t  r a t e  of  180 b e a t s  p e r  m in u te  
d u r in g  this  w o r k  b o u t  w a s  u s e d  a s  the c r i t e r i o n  m e a s u r e  f o r  c o m p a r i n g  the 
e f f e c t i v e n e s s  o f  the fo u r  t r e a t m e n t s  a s  r e c u p e r a t i v e  a g e n t s .  The h e a r t  
r a t e s  r e c o r d e d  e a c h  m i n u t e  d u r in g  the f i f t e e n  m in u te  r e c o v e r y  p e r io d  
fo l lowing  e a c h  t r e a d m i l l  w o r k  b o u t  w e r e  u s e d  to a n a ly z e  the  h e a r t  r a t e  
r e c o v e r y  p a t t e r n .
The  r e c o v e r y  t r e a t m e n t s  u t i l i z e d  w e r e  the  a b d o m in a l  co ld  pack ;  
a  7" x  10" p l a s t i c  i c e  b a g  f i l led  with' c r u s h e d  i c e  ap p l ied  to the l o w e r  
a b d o m in a l  a r e a ,  the r u b e f a c i e n t  low b a c k  ho t  p a ck ;  an  8"  x  10" p i e c e  of  
c r a m e r o l  i n s u l a t i v e  m a t e r i a l  c o v e r e d  w i th  120 g r a m s  of  a to m ic  b a l m  
s p r e a d  o v e r  the s u r f a c e  and  he ld  in  p l a c e  on the l o w e r  b a c k  by  an  A c e  
b a n d a g e ,  su p in e  r e s t ;  m e r e l y  ly ing  in  a  sup ine  p o s i t i o n  on a m a s s a g e
v i i i
t a b ic  fo r  f i f t e e n  m i n u t e s ;  and w a lk in g ,  w h ic h  c o n s i s t e d  of  w alk ing  f o r  
t h i r t e e n  m i n u t e s .
The f ind ings  of th is  s tu d y  w e r e  a s  fo l low s :
1. T he  a p p l i c a t i o n  of h e a t  o r  i c e  fo l lowing  the f i r s t  w o r k  b o u t  
e n a b le d  the s u b je c t s  to r u n  l o n g e r  in  the s e co n d  w o r k  b o u t  
b e f o r e  r e a c h i n g  a  h e a r t  r a t e  of 180 b e a t s  p e r  m in u te  than  
w h en  r e s t  o r  w a lk in g  w e r e  u t i l i z e d .
2. No s ig n i f i c a n t  d i f f e r e n c e  w a s  found b e tw e e n  the e f f e c t i v e n e s s  
of sup ine  r e s t  and w a lk ing ,  n o r  b e tw e e n  r u b e f a c i e n t  h o t  p a c k s  
and a b d o m i n a l  cold p a c k s ,  a s  r e c u p e r a t i v e  a g e n t s  f o r  r e ­
c o v e r y  a f t e r  a  s h o r t  s t r e n u o u s  b ou t  of e x e r c i s e .
3. A  s ig n i f i c a n t  d i f f e r e n c e  w as  found am o n g  the fo u r  t r e a t m e n t s  
in  the r a t e  of r e c o v e r y .  The  h e a r t  r a t e  fo r  the co n d i t io n  in  
w h ich  the s u b je c t s  w a lk ed  b e t w e e n  the f i r s t  and s e co n d  w o r k  
b o u ts  w a s  h i g h e s t  i m m e d i a t e l y  a f t e r  the w o r k  b o u ts  and r e ­
m a i n e d  c o n s i s t e n t l y  h i g h e r  th ro u g h o u t  the r e c o v e r y  p e r i o d  
than  the h e a r t  r a t e  f o r  the o t h e r  t h r e e  t r e a t m e n t s .
The  fo l lowing  c o n c lu s io n s  w e r e  d r a w n :
1. The r u b e f a c i e n t  low b a c k  h o t  p a c k  and the a b d o m in a l  co ld  
p a c k  a r e  e q u a l ly  e f fe c t iv e  a s  r e c u p e r a t i v e  a g e n t s  fo r  r e ­
c o v e r y  a f t e r  a s h o r t  b o u t  of s t r e n u o u s  e x e r c i s e .  Both  
a p p e a r  to be  a  m o r e  e f fe c t iv e  r e c o v e r y  t r e a t m e n t  a f t e r  a  
s h o r t  s t r e n u o u s  b o u t  of  e x e r c i s e  than  r e s t  o r  w alk ing .
2. L y in g  down a f t e r  e x e r c i s e ,  w h e t h e r  u s in g  h e a t  o r  co ld  o r  
j u s t  r e s t i n g  r e s u l t s  i n  s i m i l a r  h e a r t  r a t e  r e c o v e r y  p a t t e r n s  
w h ic h  a r e  m o r e  b e n e f i c i a l  than  w a lk in g  with  r e g a r d  to the
s p e e d  of r e c o v e r y .
A p p a r e n t l y  the a m o u n t  of e x e r c i s e  r e q u i r e d  to p r o d u c e  
s t a t e  of e x h a u s t io n  in  in d iv id u a ls  d i f f e r s  f r o m  day  to da
C H A P T E R  I
IN TR O D U CTIO N
I t  i s  c o m m o n  p r a c t i c e  fo r  m a n y  team, p h y s i c i a n s  and  a th le t i c  
t r a i n e r s  to u s e  h e a t  p r o d u c in g  r u b e f a c i e n t s  s u c h  a s  a to m ic  b a l m  and  r e d  
ho t  o i n t m e n t  fo r  the  i m p r o v e m e n t  of  a th le t i c  p e r f o r m a n c e .  I t  i s  f e l t  by 
m a n y  t e a m  p h y s i c i a n s  and t r a i n e r s  tha t  the h e a t i n g  a c t io n  of  t h e s e ' r u b e -  
f a c i e n t s ,  e s p e c i a l l y  low b a c k  h o t  p a c k s ,  a id s  in  the a t h l e t e ' s  w a r m  up ,  
d i m i n i s h e s  the c h a n c e s  fo r  p u l l ing  m u s c l e s ,  and  g e n e r a l l y  i m p r o v e s  t h e i r  
p e r f o r m a n c e .
T h e r e  i s  a l s o  an  e v e r  i n c r e a s i n g  n u m b e r  of  t e a m  p h y s i c i a n s  and  
a th l e t i c  t r a i n e r s  who e n d o r s e  the  u s e  of co ld  a p p l i c a t i o n s  in  i t s  m a n y  
f o r m s  a s  be ing  b e n e f i c i a l  to the i m p r o v e m e n t  of  a th le t i c  p e r f o r m a n c e .
Cold a p p l i c a t i o n s  a r e  g e n e r a l l y  u t i l i z e d  to r e t a r d  the o n s e t  of  fa t igue  
d u r in g  a t h l e t i c  p e r f o r m a n c e s  and  to h a s t e n  r e c o v e r y  a f t e r w a r d s .
R e s e a r c h  h a s  show n th a t  h e a t  and co ld  h a v e  d e f in i te  p h y s io lo g ic a l
e f fe c t s  on the  fu n c t io n in g  of  the body.  H o w e v e r ,  r e s e a r c h  s tu d i e s  d e a l in g
with  the u s e  of  r u b e f a c i e n t s  and t h e i r  e f f e c t  on a th l e t i c  p e r f o r m a n c e  a r e
a l m o s t  n o n - e x i s t e n t .  N e v e r t h e l e s s ,  r u b e f a c i e n t s  a r e  a  p q r t  of n e a r l y
*
e v e r y  t e a m  p h y s i c i a n ' s  and a th l e t i c  t r a i n e r ' s  l i s t  of  s u p p l i e s .  S i m i l a r l y ,  
they  a r e  u s e d  by  m a n y  a th l e t e s  i n  the  e x p e c t a t i o n  tha t  i t  w i l l  a id  t h e i r  
p e r f o r m a n c e .
A r e l a t i v e l y  u n e x p lo r e d  a r e a  fo r  r e s e a r c h  i s  the  u s e  of r u b e f a c i e n t s  
a s  a n  a id  in  r e c o v e r y  fo l low ing  e x h a u s t iv e  e x e r c i s e .  Of the m a n y  t e ch n iq u es  
u t i l i z e d  b y  c o a c h e s  an d  t r a i n e r s ,  the m o s t  c o m m o n l y  usee) h av e  b ee n  c o m ­
p l e t e  r e s t ,  w a lk in g ,  an d  co ld  t r e a t m e n t s .  T h e r e  h av e  b e e n  n u m e r o u s
2c l a i m s  a d v a n c e d  a s  to w h i c h  i s  the m o s t  e f f e c t i v e .
T he  o b v io u s  n e ed  i s  m o r e  r e s e a r c h  w h ic h  d e a l s  w i th  the c o m p a r a ­
t iv e  e f f e c t s  o f  v a r i o u s  t r e a t m e n t s  u s e d  in  r e c o v e r y  fo l lo w in g  e x e r c i s e  in  
o r d e r  to p r o v i d e  m o r e  s c i e n t i f i c  i n f o r m a t i o n  a s  to the r e l a t i v e  m e r i t s  of 
s o m e  o f  the t e c h n i q u e s  c u r r e n t l y  b e in g  e m p lo y e d .
I.  S T A T E M E N T  O F  T H E  P R O B L E M
T h is  s tu d y  w a s  an  a t t e m p t  to i n v e s t i g a t e  the c o m p a r a t i v e  e f f e c t i v e ­
n e s s  of  f o u r  c o m m o n l y  u s e d  t r e a t m e n t s  u t i l i z e d  b y  a t h l e t i c  t r a i n e r s  a s  
r e c u p e r a t i v e  a g e n t s  f r o m  f a t ig u e  in d u c e d  b y  s t r e n u o u s  e x e r c i s e .
II.  P U R P O S E  O F  T H E  STU D Y
T he  p r i m a r y  p u r p o s e  of th is  s t u d y  w a s  to c o m p a r e  the e f f e c t i v e n e s s  
o f  the a b d o m i n a l  co ld  p a c k ,  the r u b e f a c i e n t  low b a c k  h o t  p a c k ,  w a lk in g ,  
a n d  su p in e  r e s t  a s  r e c u p e r a t i v e  a g e n t s  f r o m  fa t ig u e  i n d u c e d  by  a  s t r e n u o u s  
t r e a d m i l l  w o r k b o u t .  A s e c o n d  p u r p o s e  w a s  to a n a l y z e  the  h e a r t  r a t e  r e ­
c o v e r y  p a t t e r n  o v e r  a  f i f t e e n  m in u te  p e r i o d  u n d e r  the f o u r  e x p e r i m e n t a l  
c o n d i t i o n s .
I l l ,  N E E D  F O R  T H E  STUDY
In t e a c h i n g  p h y s i c a l  e d u c a t io n  o r  c o a c h in g ,  s i t u a t i o n s  a r i s e  w h e r e  
the  t e a c h e r  o r  c o a c h  i s  e x p e c t e d  to a d v i s e  p a r t i c i p a n t s  c o n c e r n i n g  r e c o m -
t
m e n d e d  p r o c e d u r e s  f o r  r e l i e v i n g  m u s c u l a r  f a t ig u e  fo l lo w in g  s t r e n u o u s  
e x e r c i s e .  T h e r e  i s  a  l a c k  of  k n o w le d g e  a s  to b e s t  p r o c e d u r e  to fo l low  ;
a n d  a  l a c k  o f  e v i d e n c e  to s u p p o r t  s o m e  o f  the  p o p u l a r  p r a c t i c e s  th a t  a r e  
fo l lo w ed .  T h i s  s tu d y  c o u ld  p r o v i d e  m o r e  i n f o r m a t i o n  on  the c o m p a r a t i v e
3m e r i t s  o f  c e r t a i n  p r o c e d u r e s  and  t h e r e b y  a id  t e a c h e r s  and  c o a c h e s  to 
b e t t e r  a d v i s e  p a r t i c i p a n t s  r e g a r d i n g  t e c h n iq u e s  f o r  r e l i e v i n g  m u s c u l a r  
f a t ig u e .
A s p e c i f i c  a r e a  i n  w h ich  s u c h  a  s tu d y  c o u ld  m a k e  a  c o n t r i b u t i o n  i s  
c o m p e t i t i v e  t r a c k .  M a n y  p a r t i c i p a n t s  in  t r a c k  m e e t s  a r e  c a l l e d  u p o n  to 
r u n  two o r  m o r e  t i m e s  d u r in g  a  t r a c k  m e e t .  T h i s  m a y  o c c u r  b e c a u s e  
of q u a l i fy in g  h e a t s  f o r  a  p a r t i c u l a r  e v e n t  o r  b e c a u s e  p a r t i c i p a n t s  a r e  c o m ­
p e t in g  in  m o r e  th an  o n e  ev en t .  S o m e t i m e s  t h e r e  i s  o n ly  a  s h o r t  i n t e r v a l  
of t im e  b e t w e e n  e v e n t s .  F o r  th i s  r e a s o n ,  i n f o r m a t i o n  i s  n e e d e d  a s  to the 
m o s t  e f f e c t i v e  p r o c e d u r e s  to fo l l o w ' to  f a c i l i t a t e  r e c o v e r y  f r o m  fa t ig u e  
c a u s e d  b y  p r e v i o u s  e v e n t s  and thus  e n a b l e  a t h l e t e s  to p e r f o r m  n e a r e r  t h e i r  
m a x i m a l  l e v e l  in  s u c c e e d i n g  e v e n t s .
E v e n  though  the  l i t e r a t u r e  a b o u n d s  with  i n f o r m a t i o n  r e g a r d i n g  the 
u s e  of  h e a t  and c o ld ,  no s tu d i e s  w e r e  found  th a t  u s e d  r u b e f a c i e n t s  f o r  the 
p r o d u c t i o n  of  h e a t ,  a s  i s  the c a s e  w i t h  the low b a c k  h o t  p a c k .  T h e r e f o r e ,  
th i s  s tu d y  m a y  c o n t r i b u t e  to k n o w le d g e  c o n c e r n i n g  th e  e f f i c a c y  o f  th i s  type 
of t r e a t m e n t .
T h e  r e s u l t s  of  s u c h  a  s tu d y  m i g h t  a l so  p r o v e  to be  b e n e f i c i a l  to 
p a r t i c i p a n t s  i n 1 o t h e r  s t r e n u o u s  a t h l e t i c  a c t i v i t i e s  t h a t  p r o v i d e  f o r  p e r i o d s  
of r e s t  s u c h  a s  t i m e  o u t s ,  and a t  the  q u a r t e r s  a n d  h a l f  t im e  in  s p o r t s  s u c h  
a s  b a s k e t b a l l ,  f o o tb a l l ,  and  s o c c e r .
V. D E L IM IT A T IO N S
T h i s  s tu d y  w a s  l i m i t e d  to f o u r  t r e a t m e n t s  c o n s i s t i n g  of  r e s t  b y  
ly ing  down,  co ld  a s  i n d u c e d  by  a n  a b d o m i n a l  i c e  p a c k ,  h e a t  a s  p r o d u c e d  
b y  a  r u b e f a c i e n t  h o t  p a c k  ap p l ie d  to the  lower,  b a c k ,  a n d  s low w a lk in g  on
4a  t r e a d m i l l .  Only one type of w o r k b o u t  w as  em p lo y e d  c o n s i s t i n g  of  
r u n n in g  on a t r e a d m i l l  a t  e ig h t  m i l e s  p e r  h o u r  a t  a  10 p e r  c e n t  e l e v a t io n .
The  s tu d y  w a s  f u r t h e r  l i m i t e d  to tw elve  m a l e  c o l l e g e  s tu a e n t s  who 
w e r e  e n r o l l e d  in  s o m e  p h a s e  of the r e q u i r e d  p h y s i c a l  e d u c a t io n  p r o g r a m  
a t  S o u th e rn  U n i v e r s i t y  in  New O r l e a n s ,  New O r l e a n s ,  L o u i s i a n a .
I t  w a s  r e a l i z e d  tha t  the s u b je c t s  co u ld  con t inue  e x e r c i s i n g  a f t e r  
the h e a r t  r a t e  of  180 b e a t s  p e r  m in u te  w a s  r e a c h e d ,  b u t  th i s  w as  u s e d  as  
an  o b je c t iv e  c r i t e r i o n  of  the p o in t  a t  w h ic h  the p h y s io l o g i c a l  r e s e r v e s  
a r e  s u r p a s s e d  by  the m e ta b o l i c  n e e d s  of the body.
V. LIM ITA TIO N S
D u r in g  the c o u r s e  of  the s tu d y ,  the s u b je c t s  w e r e  en g a g e d  in  s u c h
*
a c t i v i t i e s  a s  touch  fo o tb a l l ,  c r o s s  c o u n t r y  r u n n in g  and  v o l l e y b a l l .  P a r ­
t i c ip a t io n  in  th is  s tu d y  w as  v o lu n ta ry .
A l i m i t a t i o n  w a s  a l s o  tha t  on e a c h  of  the  fo u r  t e s t  s e s s i o n s  i t  had  
to be  a s s u m e d  tha t  the s u b je c t s  w e r e  in a b o u t  the s a m e  p h y s i c a l  co n d i t io n  
and  a t  a p p r o x i m a t e l y  the  s a m e  e m o t i o n a l  s t a t e .
VI. D E F IN IT IO N  O F  T E R M S  USED
A b d o m in a l  c o ld  p a c k .  The  c o ld  p a c k  w a s  a  p l a s t i c  i c e  bag  th a t  
c o v e r e d  a  7"  x  1 0 M a r e a  of the  a b d o m e n  an d  w a s  he ld  in  p l a c e  by a n  A c e  
b a n d a g e .
C a r d i o - T a c h o m e t e r . The Q uin ton  E x e r c i s e  C a r d i o - T a c h o m e t e r  w as  
d e s ig n e d  s p e c i f i c a l l y  to o b ta in  b e a t  b y  b e a t  h e a r t  r a t e  f r o m  the E C G  d u r in g  
h e a v y  e x e r c i s e .  The  e x e r c i s e  c a r d i o - t a c h o m e t e r ,  u t i l i z in g  an  i s o l a t i o n  
a n d  s ig n a l  c o n d i t io n in g  a m p l i f i e r ,  d ig i t a l l y  p r e s e n t e d  the t im e  i n t e r v a l
5«
b e tw e e n  the R w a v e s  in  the E C G  s ig n a l  f r o m  the h e a r t  a s  h e a r t  r a t e .
F a t ig u e .  T h i s  t e r m  w a s  de f in ed  a s  a s t a t e  of  i n c r e a s e d  d i s c o m f o r t  
and d e c r e a s e d  e f f i c i e n c y  in  the p e r f o r m a n c e  of  an  a c t i v i t y  a s  a d i r e c t  r e ­
s u l t  of b e in g  engaged  in  i t .  F o r  th i s  s tudy  a  h e a r t  r a t e  o f  180 b e a t s  p e r  
m in u te  w a s  a c c e p te d  a s  the c r i t e r i o n  of f a t ig u e .
H o t  pack .  T h is  t e r m  r e f e r r e d  to a  8"  x  10” p i e c e  o f  c r a m e r o l  
i n s u l a t i v e  m a t e r i a l  w i th  120 g r a m s  of a to m ic  b a l m  s p r e a d  o v e r  the s u r f a c e  
and h e ld  in  p l a c e  on the l o w e r  b a c k  by  an  A c e  b a n d a g e .
R e s t . In th is  s tu d y  r e s t  r e f e r r e d  to the t r e a t m e n t  w h ich  c o n s i s t e d  
of  t h e  s u b j e c t  ly ing  on a  m a s s a g e  tab le  in a su p in e  p o s i t i o n  fo r  f i f teen  
m in u te s  w i th o u t  any a p p l i c a t i o n  of  h e a t  o r  co ld .
R u b e f a c i e n t . T h i s  t e r m  w a s  de f ined  a s  an  a g e n t  t h a t  r e d d e n s  the 
s k in  b y  p r o d u c in g  a c t i v e  o r  p a s s i v e  h y p e r e m i a .
W alk ing .  In th is  s tu d y  w a lk in g  r e f e r r e d  to the t r e a t m e n t  w h ic h  
c o n s i s t e d  of the s u b j e c t ' s  w a lk in g .o n  the t r e a d m i l l  a t  a  r a t e  of two m i l e s  
p e r  h o u r  w i th  z e r o  e l e v a t i o n  fo r  a  p e r i o d  of  t h i r t e e n  m i n u t e s .
C H A P T E R  II 
R E V I E W 'O F  TH E L IT E R A T U R E
The l i t e r a t u r e  w as  c a t e g o r i z e d  u n d e r  fo u r  h e a d i n g s :  (a) P h y s i o l o g i c a l  
E f f e c t s  o f  the Use of H e a t  A p p l i c a t i o n s ;  (b) P h y s i o l o g i c a l  E f f e c t s  of Cold  
A p p l i c a t i o n s ,  and  (c) The  U se  of H e a t  a n d / o r  Cold in  the R e l i e f  of F a t i g u e .
A s u m m a r y  of  the r e l a t e d  l i t e r a t u r e  i s  p r o v id e d .
Th is  r e v i e w  w as  l i m i t e d  to th o se  s tu d i e s  tha t  d e a l t  p r i m a r i l y  w i th  
the p h y s io l o g i c a l  e f f e c t s  of h e a t  and cold  and  the  u s e  of  h e a t  and cold  in  
the r e l i e f  of  fa t ig u e  o r  f o r  i m p r o v e m e n t  of  p e r f o r m a n c e .
A B r i e f  S u m m a r y  of the P h y s i o l o g i c a l  E f f e c t s  of  the Use o f  H e a t  A p p l i c a t i o n s .
T he  h i s t o r y  o f  the u s e  of h e a t  a p p l i c a t i o n s  d a t e s  b a c k  to the t i m e  of
J e s u s  of N a z a r e t h .  * H o w e v e r ,  the  v a s t  t h e r a p e u t i c  and o t h e r  p o s s i b l e  u s e s
of  h e a t  w e r e  only  r e a l i z e d  d u r in g  the p a s t  f i f ty  y e a r s ,  p a r t i c u l a r l y  d u r in g
the t h i r t i e s .  I t  w as  d u r in g  th is  p e r i o d  th a t  m u c h  c l i n i c a l  an d  f u n d a m e n t a l
r e s e a r c h  w a s  p e r f o r m e d  and  r e p o r t e d  in  h u n d r e d s  of a r t i c l e s .
2
A c c o r d i n g  to K r u s e n  the g e n e r a l  e f f e c t  of  a s h o r t  w a r m  b a th  w a s  
to l e s s e n  fa t ig u e  and  i r r i t a b i l i t y  and  to c a u s e  r e l a x a t i o n  o f  the m u s c l e s  by - 
p r o d u c in g  a  d e c r e a s e  in  m u s c l e  tone and the fu n c t io n a l  c a p a c i t y .
A s u m m a r y  of  the p h y s io l o g i c a l  r e a c t i o n s  o c c u r r i n g  f r o m  b r i e f
1 F r a n k  H. K r u s e n ,  P h y s i c a l  M e d ic in e :  The  E m p l q y m e n t  of  P h y s i c a l  
A g e n t s  fo r  D ia g n o s i s  and  T h e r a p y .  ^ P h i l a d e lp h ia :  W. B. S a u n d e r s  C o m p a n y ,  
1942), p .  9.
2Ib id ,  p.  474.
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a p p l i c a t i o n s  of a r t i f i c a l  h e a t  a s  c o m p i l e d  f r o m  F i n n e r t y  and C o r b i t t ,  
C o u l t e r  and P i e r s o l ,  ^ W a k im ,  ^ B a z e t t ,  ^ E d h o lm ,  ^ and Guyton** in c lu d ed  
the fo l low ing :  (a) d i l a t io n  of a r t e r i o l e s  and  c a p i l l a r i e s ;  (b) a r i s e  i n  t e m ­
p e r a t u r e ;  (c) an  i n c r e a s e d  b lo o d  flow th ro u g h  the sk in ;  (d) an  i n c r e a s e  in 
r e s p i r a t i o n  r a t e ;  (e) a  m o m e n t a r y  i n c r e a s e  and th en  a  l o w e r in g  of b lood 
p r e s s u r e ;  (f) d e c r e a s e  in  p r o d u c t i o n  of b o d y  h e a t  an d  lo w e r e d  b o d y  t e m ­
p e r a t u r e ;  (g) a^  r e l a x a t i o n  of m u s c l e s ;  and,  (h) a  d e c r e a s e  in  d ep th  of 
r e s p i r a t i o n .
F o l lo w in g  the a p p l i c a t i o n  of  h e a t  to the body  l o c a l l y  the a r t e r i o l e s  
and c a p i l l a r i e s  b e c o m e  d i l a t e d .  T he  r a t e  of  b lood  flow in  the s k in  i s  
i n c r e a s e d .  I t  i s  q u e s t i o n a b l e  a s  to w h e t h e r  m u s c l e  b ipod  flow is  l i k e w is e  
a f f e c te d .  T h e r e  i s  a l s o  an  o v e r a l l  i n c r e a s e  in  b o d y  t e m p e r a t u r e .  The 
o c c u r r e n c e  of  t h e s e  and  o th e r  l i s t e d  p h y s io l o g i c a l  r e a c t i o n s  i s  g r e a t l y  
a f f e c te d  b y  the  i n t e n s i t y  and d u r a t i o n  of the h e a t  a p p l i c a t i o n .  G e n e r a l ly ,  
the r e a c t i o n  to the a p p l i c a t i o n  of  l o c a l  h e a t  i s  c o n s i d e r e d  to b e  ’’a to n i c "
3
G e r tu d e  F i n n e r t y  and T h e o d o r e  C o r b i t t , H y d ro  t h e r a p y . (New York :  
F r e d e r i c k  U n g a r  P u b l i s h i n g  C o . ,  I960) ,  pp, 21-31
^ Jo h n  S. C o u l t e r  and G e o rg e  P i e r s o l ,  " H y d r o th e r a p y ,  " H andbook  of 
P h y s i c a l  M e d ic in e  and R e h a b i l i t a t i o n  (P h i l a d e l p h i a :  T h e  B l a k in s to n  P u b ­
l i sh in g  C o m p a n y ,  1950), pp .  172-194 .
5
K h a k i l  G. W ak im ,  "T h e  P h y s io lo g ic  E f f e c t s  of  H ea t ,  " Handbook  of 
P h y s i c a l M e d ic in e  and R e h a b i l i t a t i o n  (P h i l a d e l p h i a :  T h e  B l a k in s to n  P u b ­
l i sh in g  C o m p a n y ,  1950), pp .  8 -2 6 .
H. C.  B a z e t t ,  e t  a l ,  " E f f e c t  of B a th s  a t  D i f f e r e n t  T e m p e r a t u r e s  
on Oxygen E x c h a n g e  and  on C i r c u l a t i o n ,  " A m e r i c a n  J o u r n a l  of  P h y s io lo g y  
Vol.  119 (May,  1937), 9 3 -1 1 0 .
^ E d h o lm ,  e t  a l ,  "The  E f f e c t  of  Body H e a t in g  on  the C i r c u l a t i o n  in  
Sk in  and M u s c l e ,  " J o u r n a l  of  P h y s io lo g y ,  Vol.  134 ( D e c e m b e r ,  1956), 612-619.
^ A r t h u r  C .  Guyton,  T e x tb o o k  of M e d ic a l  P h y s i o l o g y ,  3 r d  ed.  
( P h i l a d e l p h i a :  W . B .  S a u n d e r s  C o m p a n y ,  1966), pp .  9 8 5 -9 8 9 .
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b e c a u s e  i t  r e s u l t s  in  r e l a x a t i o n  of the m u sc le ' s  .with a  d e c r e a s e  in  t h e i r  
tone .  By v a r y i n g  the i n t e n s i t y  and  d u r a t i o n , m u s c l e  tone ,  e n e r g y  and 
func t ion  of. m u s c l e s  c a n  b e  i n c r e a s e d .  L i k e w i s e  an  e n e r v a t i n g  e f f e c t  c a n  
be  p r o d u c e d .
A B r i e f  S u m m a r y  of the P h y s i o l o g i c a l  E f f e c t s  of Cold  A p p l i c a t i o n s
The  u s e  of co ld  a p p l i c a t i o n s  b e c a m e  c o m m o n  p r a c t i c e  d u r in g  the
l a s t  h a l f  c e n t u r y .  The  u s u a l  t e c h n iq u e s  of  a d m i n i s t r a t i o n  have  b e e n  in
the f o r m  of co ld  w a t e r  b a th s ,  co ld  s h o w e r s ,  ic e  b a g s ,  co ld  c o m p r e s s e s ,
c o ld  w a t e r  c o i l s  o r  e x p o s u r e  to co ld  a i r .
T h r o u g h  r e s e a r c h  i t  w a s  d i s c o v e r e d  th a t  the p h y s io l o g i c a l  e f fe c t s
of  e x t e r n a l  co ld  a p p l i c a t i o n s  upon  the h u m a n  b o d y  v a r i e d  a c c o r d i n g  to the
i n t e n s i t y  of the co ld ,  d u r a t i o n  of the a p p l i c a t i o n ,  the s u r f a c e  a r e a  t r e a t e d
and  the p h y s i c a l  c o n d i t io n  of the s u b je c t .  The p h y s io l o g i c a l  e f f e c t s  of cold
c a n  b e s t  be d e s c r i b e d  in  two p h a s e s ,  the a c t i o n  p h a s e  and the r e a c t i o n  
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p h a s e .  The a c t io n  p h a s e  i n c lu d e s  the o r i g i n a l  and i m m e d i a t e  r e s p o n s e  
by  the o r g a n i s m  to the s t i m u l u s  and  i s  d e f e n s iv e  i n  n a t u r e .  The  r e a c t i o n  
p h a s e  b e g in s  i m m e d i a t e l y  upon  c e s s a t i o n  of  the s t i m u l u s  and u s u a l l y  l a s t s  
a b o u t  twenty  m i n u t e s .
A s u m m a r y  of the a c t i o n s  and r e a c t i o n s  of  b r i e f  a p p l i c a t i o n s  of 
e x t e r n a l  co ld  w e r e  o b ta in ed  f r o m  the  fo l low ing  a u t h o r s :  F i n n e r t y  and 
C o r b i t t ,  C o u l t e r ,  B a z e t t ,  E d h o l m ,  and  G u y t o n . ^
q
7F i n n e r t y ,  o p . c i t .  pp .  17-21 .
^ F i n n e r t y  and C o r b i t t ,  H y d r o t h e r a p y ,  pp.  17 -21 ;  C o u l t e r ,  H and-  
b o o k  of P h y s i c a l  M e d ic in e ,  pp .  172-194 ;  B a z e t t ,  A m e r i c a n  J o u r n a l  of 
P h y s i o l o g y , Vol.  119; E d h o lm ,  J o u r n a l  o f  P h y s io lo g y ,  Vol.  134; Guyton,  
T e x tb o o k  of M e d ic a l  P h y s io lo g y ,  3 r d  ed. , pp .  9 8 5 -989 .
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In  the  a c t io n  p h a s e ,  co ld  a p p l i c a t i o n s  p r o d u c e  (a) a r t e r i o l a r  and 
c a p i l l a r y  c o n s t r i c t i o n ;  {b) a  r i s e  in  b lood  p r e s s u r e ;  (c) a  s l ig h t  r i s e  of  i n ­
t e r n a l  t e m p e r a t u r e ;  (d) an  i n c r e a s e d  fu n c t io n a l  and  b a s a l  m e t a b o l i s m ;  (e) 
an  i n c r e a s e  i n  tone ,  e n e r g y ,  and f u n c t io n a l  c a p a c i t y  of bo th  v o l u n t a r y  and 
i n v o l u n t a r y  m u s c l e s ;  (f) an  i n c r e a s e  in  p u l s e  r a t e ;  (g) a p a l e n e s s  of  the 
sk in ;  (h) an  i n c r e a s e  in  r e s p i r a t o r y  r a t e ;  and (i) s e n s a t i o n s  of c h i l l i n e s s .
D u r in g  the r e a c t i o n  p h a s e ,  w h ich  b eg in s  i m m e d i a t e l y  a f t e r  c e s s a  
tion of the s t i m u l u s  and u s u a l l y  l a s t s  a b o u t  twenty  m i n u t e s  the fo llowing  
p h e n o m e n a  w e r e  o b s e r v e d :  (a) a  d i la t io n  of  the p e r i p h e r a l  v e s s e l s ;  (b) 
a  r e d n e s s  of the sk in ;  (c) a  fe e l in g  of w a r m t h ;  (d) a  s low ing  of  the r a t e  of 
p u l s e ;  (e) a  d e c r e a s e d  r e s p i r a t o r y  r a t e ;  (f) a d e c l in e  in  i n t e r n a l  t e m p e r a ­
t u r e ;  (g) a  f a l l  in  b lood p r e s s u r e ;  and,  (h) an  i n c r e a s e  in  v o lu m e  of  b lood 
and r a t e  o f  flow.
*
The  U se  of  H e a t  a n d / o r  Cold  in  the R e l i e f  of F a t ig u e
A c c o r d i n g  to Happ,  ^  c o ld  h ip  b a t h s  w e r e  e m p lo y e d  in  G e r m a n y  
d u r in g  W o r ld  W a r  II b y  i n d u s t r y  and the  A i r  F o r c e .  S u p p o se d ly ,  they  
w e r e  u s e d  b e f o r e  w o r k  to p r o lo n g  the o n s e t  of f a t ig u e ,  and a f t e r  w o r k  to 
h a s t e n  r e c o v e r y  f r o m  i t .  B e n e f i c i a l  r e s u l t s  w e r e  c l a i m e d .
S h o r t l y  a f t e r  W or ld  W a r  II,  H app ,  * T u t t le ,  and  W i l s o n ^  s tu d ied  
the e f f e c t s  of a b d o m i n a l  co ld  p a c k s  on the r e d u c t i o n  of  and r e c o v e r y  f r o m  
f a t ig u e .  T h e y  a t t e m p t e d  to d e t e r m i n e  i f  the a p p l i c a t i o n  of  a b d o m in a l  cold
^ W . P .  Happ ,  W .W .  T u t t le  and  M a jo r i e  W i l so n ,  "The  P h y s i o l o g i c a l  
E f f e c t s  of Cold  A b d o m in a l  P a c k s ,  " R e s e a r c h  Q u a r t e r l y  Vol.  20 {May, 1949) 
15 3 -169 .  -------------------------------
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p a c k s  would r e d u c e  f a t ig u e  a n d / o r  s h o r t e n  the r e c o v e r y  p e r i o d  a f t e r  the
s u b je c t s  h ad  p e r f o r m e d  v ig o ro u s  w o r k  fo r  a s h o r t  p e r i o d  of  t im e .  The
r e s p o n s e s  s tu d ie d  w e r e  body  t e m p e r a t u r e ,  b a s a l  m e t a b o l i c  r a t e ,  oxygen
c o n s u m p t io n ,  p u l s e  r a t e ,  v e n o u s ,  s y s to l i c  and  d i a s to l i c  b lood p r e s s u r e .
F r o m  the r e s u l t s  i t  w as  co n c lu d e d  th a t  f a t igue  and r e c o v e r y  f r o m  fa t ig u e
w e r e  s ig n i f i c a n t ly  a id ed  b y  the a p p l i c a t i o n  of a b d o m in a l  c o ld  p a c k s  fo r
p e r i o d s  of te n  m i n u t e s .
13R o s e n  s tu d ied  the  e f fe c t  of u s in g  co ld  a b d o m in a l  s p r a y  upon
r e p e a t e d  p e r f o r m a n c e s  i n  the 440 y a r d  ru n .  S ix te e n  t r a c k  t e a m  m e m b e r s
w e r e  u s e d  a s  s u b j e c t s .  On the f i r s t  day  e a c h  r a n  two 440 y a r d  d a s h e s
a t  m a x i m u m  s p eed  w i th  a  tw en ty  m in u te  r e s t  i n t e r v a l  b e t w e e n  d a s h e s ,
d u r in g  w h ic h  t im e  the s u b j e c t  w a s  i n s t r u c t e d  to m o v e  a b o u t  c o n t in u o u s ly .
S ev en  days  l a t e r  the s u b j e c t s  r a n  two m o r e  440 y a r d  d a s h e s .  H o w e v e r ,
*
d u r in g  the tw en ty  m in u te  i n t e r v a l  b e tw e e n  r a c e s  the s u b j e c t  w as  a l low ed  
to m o v e  a b o u t  f o r  f ive  m i n u t e s ,  a f t e r  w h ich  a  co ld  s p r a y  w a s  app l ied  
b e g in n in g  w i th  an  i n i t i a l  t e m p e r a t u r e  of 7 0 ° F  and  g r a d u a l l y  l o w e r e d  in  
f ive  m i n u t e s  to a  t e m p e r a t u r e  of  a p p r o x i m a t e l y  4 5 ° F .  T he  l a t t e r  t e m ­
p e r a t u r e  w a s  m a i n t a i n e d  f o r  a f ive  m in u te  r e s t  p e r i o d .  F o l lo w in g  the 
a p p l i c a t i o n . t h e  s u b je c t  w a s  a l lo w ed  the r e m a i n i n g  f ive  m i n u t e s  to p r e ­
p a r e  f o r  th e  s e co n d  r a c e .
A s t a t i s t i c a l l y  s ig n i f i c a n t  d i f f e r e n c e  w a s  o b ta in e d  in  f a v o r  of 
u s in g  a b d o m i n a l  co ld  s p r a y s .  T h r o u g h o u t  the e x p e r i m e n t  the m e a n  t im e
^ M e l v i n  R o se n ,  "T h e  E f f e c t  of a Cold  A b d o m i n a l  S p r a y  Upon A 
R e p e a t  P e r f o r m a n c e  in  the 440 y a r d  ru n ,  " R e s e a r c h  Q u a r t e r l y ,  Vol.  23, 
(May,  1952), 2 2 6 -2 3 0 .
t
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of  the s u b j e c t s  w a s  a lw a y s  f a s t e r  in  the r a c e  fo l lowing the  a p p l i c a t i o n  of
the co ld  s p r a y  than  the m e a n  t im e  of the r a c e  w hen  no co ld  s p r a y  w as
ap p l i e d .  H o w e v e r ,  i t  w a s  s u g g e s t e d  th a t  the e f f e c t s  of  the  a p p l i c a t i o n
of  the co ld  m i g h t  d ep en d  upon  the  in d iv id u a l ,  b e c a u s e  i t  w as  found th a t
s o m e  r u n n e r s  in  the 440 y a r d  d a s h  cou ld  i m p r o v e  th e i r  t i m e s  s ig n i f i c a n t ly
w ith  the  a p p l i c a t i o n  of  co ld  w hi le  o t h e r  r u n n e r s  ex h ib i ted  s lo w e r  t i m e s .
14S i l l s  and O 'R i l e y  i n v e s t i g a t e d  the e f f e c t s  of r e s t ,  e x e r c i s e ,  and 
cold  s p r a y  upon p e r f o r m a n c e  in  s p o t - r u n n i n g .  E ig h t e e n  c o l l e g e  m e n  
ser.ved a s  s u b je c t s  p e r f o r m i n g  b o u ts  of s p o t - r u n n i n g  w i th  t e n  s eco n d  
i n t e r v a l s  b e tw e e n  the b o u t s .  A f t e r  they  r e s t e d ,  e x e r c i s e d  o r  r e c e i v e d  
co ld  a p p l i c a t i o n s  f o r  ten  m i n u t e s ,  th e y  p e r f o r m e d  a n o t h e r  s e r i e s  of  five 
b o u t s  of  s p o t - r u n n in g .  The  b e s t  p e r f o r m a n c e  fo l low ed  the a p p l i c a t i o n  of 
co ld  s p r a y  to the l o w e r  h a l f  of  the  a b d o m e n  f o r  e ig h t  m i n u t e s  u s in g  w a t e r  
t e m p e r a t u r e  b e tw e e n  4 4 ° F  and 4 8 ° F .
I t  w a s  c o n c lu d e d  th a t  p h y s i c a l  p e r f o r m a n c e  w as  i m p r o v e d  m o r e  
by the co ld  a p p l i c a t i o n  than  e i t h e r  r e s t  o r  e x e r c i s e .  A l s o ,  i f  the 
d i f f e r e n c e  b e tw e e n  the n u m b e r  of s t e p s  p e r f o r m e d  in  the i n i t i a l  and  f ina l  
b o u t s  is  c o n s i d e r e d  to be  a  m e a s u r e  of the r e c o v e r y  f r o m  fa t ig u e  then  i t  
cou ld  a l s o  be  co n c lu d e d  tha t  co ld  a p p l i c a t i o n s  a r e  m o r e  e f f e c t iv e  than 
r e s t ,  o r  e x e r c i s e  fo r  r e c o v e r y  f r o m  f a t ig u e .
F r a n k  D. S i l l s  and  V e r n o n  E .  0 * R i ley ,  " C o m p a r a t i v e  E f f e c t s  
of R e s t ,  E x e r c i s e ,  and  Cold S p r a y  Upon P e r f o r m a n c e  in  S p o t - r u n n in g ,  " 
R e s e a r c h  Q u a r t e r l y  Vol.  27,  (May, 1956), 2 1 7 -2 1 9 .
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A s tu d y  co n d u c te d  by F a l l s  and  R i c h a r d s o n ^  i n v e s t i g a t e d  the 
e f fe c t s  of t h r e e  ty p es  of r e c o v e r y  p r o c e d u r e s  on (a) c i r c u l a t o r y  r e c o v e r y  
from, a  s t a n d a r d i z e d  b i c y c l e  e r g o m e t e r  e x e r c i s e ,  (b) p e r f o r m a n c e  on a 
s e c o n d  s t a n d a r d i z e d  b i c y c l e  e r g o m e t e r  e x e r c i s e ,  and (c) c i r c u l a t o r y  
r e c o v e r y  f r o m  the s ec o n d  e x e r c i s e .  R e c o v e r y  p r o c e d u r e s  s tu d ie d  w e r e  
c o m p l e t e  r e s t ,  l i g h t  a c t i v i t y  and  cold  s h o w e r s .  T e n  s u b je c t s  w e r e  u s e d  
and  e a c h  u n d e r w e n t  e a c h  r e c o v e r y  p r o c e d u r e  on s e p a r a t e  d a y s .  A n a l y s i s  
of v a r i a n c e  f o r  a  c o m p l e t e l y  r a n d o m i z e d  b l o c k  d e s ig n  w a s  u s e d  in  the 
a n a l y s i s  of  the d a ta .  R e s u l t s  i n d i c a t e d  tha t  the 7 - m i n u t e  co ld  s h o w e r  
fo l lowed  by  a  2 - m i n u t e  r e s f w a s  the m o s t  b e n e f i c i a l  p r o c e d u r e .
One of the  m o r e  r e c e n t  s tu d i e s  in v o lv ing  the u s e  of  co ld  in  the
16r e l i e f  of f a t ig u e  w a s  m a d e  b y  R oundy  and Cooney .  T h e y  c o m p a r e d  the 
e f f e c t i v e n e s s  of  r e s t ,  a b d o m i n a l  co ld  p a c k s  and  co ld  s h o w e r s  in  r e ­
l i e v in g  f a t ig u e  b e tw e e n  b o u ts  of  s t r e n u o u s  e x e r c i s e .  F i f t e e n  s u b je c t s  
w e r e  u s e d  in  the s tu d y  w i th  e a c h  s u b j e c t  p a r t i c i p a t i n g  i n  e a c h  of  the t h r e e  
t r e a t m e n t s .  T he  s u b je c t s  r a n  on a  t r e a d m i l l  u n t i l  t h e i r  p u l s e  r a t e s  
r e a c h e d  180 b e a t s  p e r  m i n u t e .  The  t i m e  of  the s ec o n d  t r e a d m i l l  r u n  
w a s  the m a i n  c r i t e r i o n  m e a s u r e .
A c o m p l e t e l y  r a n d o m i z e d  b l o c k  d e s ig n  w a s  u s e d  to t e s t  the d i f f e r ­
e n c e s  a m o n g  the t h r e e  t r e a t m e n t s  and  the N e w m a n - K e u l s  s e q u e n t i a l  r a n g e
15H a r o l d  B. F a l l s  and R. D. R i c h a r d s o n ,  ’’C o m p a r i s o n  of  R e ­
c o v e r y  P r o c e d u r e s  f o r  the  R e d u c t io n  of  E x e r c i s e  S t r e s s ,  " R e s e a r c h  
Q u a r t e r l y  Vol .  38, ( D e c e m b e r ,  1967), 550 -555 .
^ E l m o  S. Roundy  and  L a r r y  D. C ooney ,  " E f f e c t i v e n e s s  of  R e s t ,  
A b d o m i n a l  Co ld  P a c k s ,  and  Co ld  S h o w e r s  in  R e l i e v in g  F a t i g u e ,  ” R e ­
s e a r c h  Q u a r t e r l y  Vol .  39,  (O c to b e r ,  1968), 6 9 0 -695 .
*t e s t  w a s  e m p l o y e d  to t e s t  d i f f e r e n c e s  b e t w e e n  a l l  p o s s i b l e  p a i r s  o f  t r e a t ­
m e n t .  A b d o m i n a l  c o ld  p a c k s  p r o v e d  to b e  the  m o s t  e f f e c t i v e  t r e a t m e n t ,  
w i th  co ld  s h o w e r s  s e c o n d  and  r e s t  t h i r d .  In  e a c h  of  the  p r e v i o u s  s tu d i e s  
c i t e d ,  h e a t  w a s  no t  one of the v a r i a b l e s  s tu d i e d .  A b r i e f  s u m m a r y  of s o m e  
s t u d i e s  i n v o lv in g  b o t h  h e a t  and  c o ld  f o l lo w s .
17D u r in g  the e a r l y  t h i r t i e s ,  K e n e f i c k  an d  D e n k h a m  s tu d i e d  the 
e f f e c t s  of the a p p l i c a t i o n  of  co ld  p r o d u c e d  by  i c e  p a c k s  and  h e a t  p r o d u c e d  
b y  th e  i n f r a - r e d  r a y  on the a c t i v i t y  of  the i n t a c t  m u s c l e s  of  the h u m a n .  
W o m e n  s u b j e c t s  w e r e  u t i l i z e d .  T r e a t m e n t s  w e r e  a p p l i e d  f o r  20 m i n u t e s .  
T e n  r e a d i n g s  w e r e  m a d e  on e a c h  s u b j e c t .
I t  w a s  c o n c lu d e d  th a t  c o o l in g  p r o d u c e d  by  i c e  p a c k s  c a u s e d  a 
d e c i d e d  i n c r e a s e  in  t o t a l  c o n t r a c t i o n  t i m e ,  a s  w e l l  a s  a l l  p h a s e s  of 
c o n t r a c t i o n ,  an d  th a t  h e a t i n g  p r o d u c e d  b y  i n f r a - r e d  r a y s  s h o w e d  a  t e n ­
d e n c y  to d e c r e a s e  the p e r i o d s  o f  c o n t r a c t i o n  a s  w e l l  a s  t o t a l  c o n t r a c t i o n
t i m e  o f  the  i n t a c t  g a s t r o c n e m i u s  m u s c l e .
18R o b b in s  s tu d i e d  the  e f f e c t s  of  h o t  a n d  c o ld  s h o w e r s  u p o n  a d o l e s ­
c e n t s  and c o n c lu d e d  th a t  t e n  m i n u t e  c o ld  s h o w e r s  (6 5 °F )  c o n t r i b u t e  to 
a  t e m p e r a t u r e  d r o p ,  h e a r t  b e a t  d e c r e a s e ,  s l i g h t  d e c r e a s e  in  d i a s t o l i c  
b lo o d  p r e s s u r e  and  g r i p  s t r e n g t h .
T h e l m a  M. K e n e f i c k  and  D o r o t h y  D e n k h a m ,  " T h e  E f f e c t  of  the 
A p p l i c a t i o n  of  C o ld  P r o d u c e d  b y  Ice  P a c k s  a n d  H e a t  P r o d u c e d  by  the I n f r a ­
r e d  R a y  on the  A c t i v i t y  of  the  I n t a c t  M u s c l e  o f  the  H u m a n ,  11 R e s e a r c h  
Q u a r t e r l y  Vol .  5, ( M a r c h ,  1934 s u p p l e m e n t ) ,  92-  .
1 ftA . C .  R o b b in s ,  " T h e  E f f e c t s  of  H o t  and  C o ld  S h o w e r  B a t h s  
U pon  A d o l e s c e n t s  P a r t i c i p a t i n g  in  P h y s i c a l  E d u c a t i o n  C l a s s e s ,  11 
R e s e a r c h  Q u a r t e r l y  V ol .  13, ( M a r c h ,  1942), 3 7 3 - 3 8 0 .
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U sing  r e l a t i v e l y  e x t r e m e  co n d i t io n s  of  h e a t  and co ld ,  G r o s e  ~ 
i n v e s t i g a t e d  the e f f e c t s  of h e a t ,  c o ld ,  and m a s s a g e  on s t r e n g t h  and 
f a t ig u a b i l i t y  of v o l u n t a r y  m u s c l e  c o n t r a c t i o n .  The co ld  t r e a t m e n t  c o n ­
s i s t e d  of  the  i m m e r s i o n  of the f o r e a r m  in  c o ld  w a t e r  (10°C) for  e ig h t  
m i n u t e s .  F o r  the h o t  t r e a t m e n t ,  s u b s t i t u t i o n  of hot  w a t e r  (48°C) w a s  
m a d e .  U n d e r  the c o n d i t io n s  of the  e x p e r i m e n t ,  l o c a l  a p p l i c a t i o n  of  h e a t  
did not  s ig n i f i c a n t ly  c h an g e  the i n i t i a l  s t r e n g t h  o r  the f a t ig u e  l e v e l  of  the 
m u s c l e  g r o u p s .  It  d id  i n c r e a s e  the  r a t e  of  f a t ig u e  an d  t h e r e b y  r e d u c e d  
the to ta l  w o r k  ou tpu t  of the  m u s c l e .
The a p p l i c a t i o n  of  cold  r e d u c e d  the i n i t i a l  s t r e n g t h  and d e c r e a s e d  ■ 
the a m o u n t  of w o r k  p e r f o r m e d  by  the m u s c l e  d u r in g  the f i r s t  few m i n u t e s  
of  e x e r c i s e ,  a f t e r  w h ic h  the f a t ig u e  w as  s l o w e r  in  the co ld  m u s c l e .  1
C l a r k e ^  i n v e s t i g a t e d  the e f fec t  of i m m e r s i o n  in  ho t  and cold  
0
w a t e r  upon  r e c o v e r y  of m u s c u l a r  s t r e n g t h  fo l low ing  fa t ig u in g  i s o m e t r i c  
e x e r c i s e .  S t r e n g t h  s a m p l e s  w e r e  taken  e v e r y  60 s e c o n d s  f o r  a p e r i o d  
of 10 m in u te s  d u r in g  w h ic h  t im e  the  a r m  w a s  i m m e r s e d  in  a  w a t e r  b a th  
10 C fo r  the  co ld  t r e a t m e n t  and 46°C  fo r  the h o t  t r e a t m e n t .  The to ta l  
a m o u n t  of  r e c o v e r y  did not d i f f e r  s ig n i f i c a n t ly  b e tw e e n  the  two c o n d i t io n s .  
C l a r k e  c o n c lu d e d  t h a t  a p p a r e n t l y  r e c o v e r y  of m u s c l e  s t r e n g t h  p r o g r e s s e s  
in  a  m a n n e r  tha t  i s  u n a f f e c t e d  b y  a p p l i c a t i o n s  of  h e a t  and  cold  w a t e r  
a f t e r  c e s s a t i o n  of  fa t ig u in g  i s o m e t r i c  e x e r c i s e .
19J o e l  E .  G r o s e ,  ’’D e p r e s s i o n  of M u s c u l a r  F a t i g u e  C u r v e s  b y  
H e a t  and C old ,  " R e s e a r c h  Q u a r t e r l y  Vol.  29, (M arc h ,  1958), 19-31 .
20 David  H. C l a r k e ,  " E f f e c t  of I m m e r s i o n  in  Hot  and Cold  W a t e r  
Upon R e c o v e r y  of  M u s c u l a r  S t r e n g th  F o l lo w in g  F a t ig u in g  I s o m e t r i c  
E x e r c i s e ,  " A r c h i v e s  of P h y s i c a l  M e d ic in e  an d  R e h a b i l i t a t i o n  Vol. 44,  
(O c to b e r ,  1963), S65-5&8.
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21In  a  l a t e r  s tu d y  C l a r k e  and S t e l m a c h  s tu d ie d  m u s c u l a r  fa t igue 
and r e c o v e r y  c u r v e  p a r a m e t e r s  a t  v a r i o u s  t e m p e r a t u r e s .  The e x p e r ­
i m e n t a l  d e s ig n  d i f f e r e d  f r o m  the  p r e v i o u s  s tu d y  in  th a t  the t r e a t m e n t s  
w e r e  a p p l i e d  b e f o r e  and a f t e r  the  fa t igu ing  i s o m e t r i c  e x e r c i s e  an d  a 
c o n t r o l  b o u t  w as  a d d e d .  The h e a t  t r e a t m e n t  r e s u l t e d  in  a d e c r e a s e  
in  i n i t i a l  s t r e n g t h ,  f in a l  s t r e n g t h ,  and to t a l  w o r k ,  b u t  f a t ig u a b le  w o rk  
w a s  u n c h a n g e d .  T he  cold  t r e a t m e n t  d e c r e a s e d  i n i t i a l  s t r e n g t h  and 
f a t ig u a b le  w o rk ,  i n c r e a s e d  f in a l  s t r e n g t h ,  w hi le  the to ta l  w o r k  done w as  
the s a m e  a s  in  the c o n t r o l  bou t .  H ea t  c a u s e d  a f a s t e r  o n s e t  of  fa t igue  
and r e c o v e r y .  Co ld  s low ed  the  o n s e t  of f a t ig u e  and  r e t a r d e d  r e c o v e r y .
A S u m m a r y  of R e la t e d  L i t e r a t u r e
Of the s tu d i e s  r e v i e w e d ,  s ix  r e p o r t e d  t h a t  the a p p l i c a t i o n  of cold  
c o n t r ib u t e d  f a v o r a b l y  to the r e l i e f  of f a t ig u e  w h i le  fo u r  r e p o r t e d  e i t h e r  
no e f f e c t  o r  d e t r i m e n t a l  e f f e c t s .  In s ix  s tu d i e s  r e p o r t i n g  b e n e f i c i a l  
e f f e c t s ,  the co ld  t r e a t m e n t  w a s  a p p l ie d  to the  a b d o m in a l  a r e a  i n  f ive  of 
the s tu d i e s  and o v e r  the e n t i r e  b o d y  by  m e a n s  of  a  s h o w e r  in  the  o th e r  
one .  . I n  a l l  of  the s tu d i e s  r e p o r t i n g  u n f a v o r a b le  o r  no e f fe c t s ,  the  cold  
w a s  a p p l ie d  d i r e c t l y  to the s u r f a c e  of the w o rk in g  m u s c l e .  A p p a r e n t ly ,  
b e s t  r e s u l t s  a r e  ob ta in ed  w hen  the  cold  t r e a t m e n t  i s  a p p l ie d  to the 
a b d o m e n  r a t h e r  than  lo c a l ly  to the w o rk in g  m u s c l e .
Of the. f ive  s tu d i e s  in  w h ic h  h e a t  t r e a t m e n t s  w e r e  s tu d ie d ,  th r e e  
r e p o r t e d  d e t r i m e n t a l  r e s u l t s ,  one no e f fec t ,  and one a  f a s t e r  o n s e t  of
David  H. C l a r k e  and G e o r g e  E .  S t e l m a c h ,  " M u s c u l a r  F a t ig u e  
and R e c o v e r y  C u r v e  P a r a m e t e r s  a t  V a r io u s  T e m p e r a t u r e s ,  " R e s e a r c h  
Q u a r t e r l y  Vol.  37, ( D e c e m b e r ,  1966), 4 6 8 -4 7 9 .
f a t i g u e  and r e c o v e r y .  I t  m i g h t  be  w o r t h w h i l e  to no te  t h a t  a l l  a p p l i c a t i o n s  
w e r e  m a d e  l o c a l l y  to the  w o r k i n g  m u s c l e s  e x c e p t  one w h i c h  w a s  a p p l i e d  
g e n e r a l l y  in  the  f o r m  of a  h o t  s h o w e r .  T h e r e  w e r e  no s t u d i e s  r e p o r t e d  
in  w h i c h  the h e a t  t r e a t m e n t  w a s  a p p l i e d  to the a b d o m e n  o r  l o w e r  b a c k .
C H A P T E R  III
P R O C E D U R E  FOR T H E  STUDY
I. O VERV IEW  O F  P R O C E D U R E
A t r e a d m i l l  r u n  t e s t ,  w h ic h  c o n s i s t e d  of r u n n in g  on a  t r e a d m i l l  
e ig h t  m i l e s  p e r  h o u r  a t  a  t e n  p e r  c e n t  e l e v a t i o n  f o r  s ix ty  s e c o n d s  o r  
lo n g e r ,  w a s  a d m i n i s t e r e d  to t w e n t y - s i x  m a l e  s tu d e n t s .  S ix te e n  s tu d e n t s  
c o m p le t e d  the t e s t  and w e r e  s e l e c t e d  a s  s u b je c t s  fo r  th e  s tudy .  Of the  
s ix t e e n  s u b je c t s ,  c o m p l e t e  d a t a  w e r e  o b ta in e d  fo r  on ly  tw e lv e .  E a c h  
s u b je c t  p a r t i c i p a t e d  in two t r e a d m i l l  w o r k  b o u ts  f o r  e a c h  of fo u r  t r e a t m e n t s .
T h e  t r e a t m e n t s  u s e d  w e r e  {1) a b d o m i n a l  co ld  p a c k s ,  (2) r u b e f a c i e n t  
low b a c k  h o t  p a c k s ,  {3) su p in e  r e s t  and  (4) w a lk ing .  E a c h  t r e a d m i l l  bou t  ■ 
c o n s i s t e d  of the  s u b je c t  r u n n in g  on the  t r e a d m i l l  a t  a  s p e e d  of e ig h t  m i l e s  
p e r  h o u r  a t  a  te n  p e r  c e n t  e l e v a t io n  u n t i l  a  h e a r t  r a t e  of  180.b e a t s  p e r  
m in u te  w as  r e a c h e d .  The l e n g th  of t i m e  fo r  the w o r k  b ou t  w a s  r e c o r d e d  
in  s e c o n d s .  I m m e d i a t e l y  fo l lowing the t r e a d m i l l  w o r k  bou t  one of  the fo u r  
t r e a t m e n t s  w as  a d m i n i s t e r e d  and  r e c o v e r y  h e a r t  r a t e s  w e r e  r e c o r d e d  fo r  
e a c h  m in u te  of the  f i f t e e n  m in u te  r e c o v e r y  p e r io d .  A t  the c o n c lu s io n  of 
the  f i r s t  f i f t e e n  m i n u t e  r e c o v e r y  p e r i o d ,  th e  s u b je c t  p a r t i c i p a t e d  i n  the 
s e c o n d  t r e a d m i l l  w o r k  b ou t  w h ic h  w a s  fo l low ed  by the  s eco n d  f i f t e e n  
m i n u t e  r e c o v e r y  p e r i o d .  The  p r o c e d u r e s  e m p lo y e d  d u r in g  the f i r s t  t r e a d ­
m i l l  w o r k  b ou t  an d  f i f t e e n  m i n u t e  r e c o v e r y  p e r io d  w e r e  a l s o  a d h e r e d  to
d u r in g  the  s e co n d  t r e a d m i l l  w o r k  bou t  an d  r e c o v e r y  p e r i o d .  T h e  n u m b e r
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of s e c o n d s  r e q u i r e d  by the  s u b j e c t  to r e a c h  a  h e a r t  r a t e  of 180 b e a t s  p e r  
m i n u t e  d u r in g  the  s e co n d  t r e a d m i l l  w o r k  b o u t  w a s  u s e d  a s  the  c r i t e r i o n  
m e a s u r e .  .
II. S E L E C T IO N  O F  S U B JE C T S
T w e n t y - s i x  m a l e  s tu d e n t s  f r o m  p h y s i c a l  e d u c a t io n  a c t i v i t y  c l a s s e s  
a t  S o u th e rn  U n i v e r s i t y  in  New O r l e a n s  v o l u n t e e r e d  to p a r t i c i p a t e  a s  
s u b je c t s  f o r  th e  s tudy .  D u r in g  the t h r e e  w e e k s  p r e c e d i n g  the f i r s t  t e s t  
day ,  e a c h  v o l u n t e e r  w a s  g iv e n  i n s t r u c t i o n s  on  t e s t i n g  p r o c e d u r e s  and a 
d e m o n s t r a t i o n  on the  t e c h n iq u e  of ru n n in g  on the  t r e a d m i l l .  T h i s  w as  
fo l low ed  by  a p r a c t i c e  p e r i o d  of t r e a d m i l l  ru n n in g  fo r  e a c h  v o lu n te e r .
In  o r d e r  to a s s u r e  tha t  the s u b je c t s  c h o s e n  p o s s e s s e d  a s u f f i c i e n t  d e g r e e  
of p h y s i c a l  f i t n e s s  th a t  w ould  en a b le  t h e m  to p a r t i c i p a t e  in  the  s tu d y  
w i th o u t  undue s t r e s s ,  i t  w a s  d e c id e d  t h a t  e a c h  s u b je c t  shou ld  be ab le  to 
r u n  on  the t r e a d m i l l  u n d e r  t e s t  c o n d i t io n s  f o r  a m i n i m u m  of one m in u te  
b e f o r e  r e a c h i n g  180 b e a t s  p e r  m in u te  h e a r t  r a t e .  T h e r e f o r e ,  a  s e c o n d  
p r a c t i c e  s e s s i o n  w a s  s c h e d u le d  in w h ic h  the  s tu d e n t  r a n  on the t r e a d m i l l  
a t  a  s p e e d  of e ig h t  m i l e s  p e r  h o u r  a t  a t e n  p e r  c e n t  e l e v a t io n  u n t i l  h i s  
h e a r t  r a t e  r e a c h e d  180 b e a t s  p e r  m in u te .
T he  t i m e  i n t e r v a l  of the  t r e a d m i l l  r u n  w a s  m e a s u r e d  b y  a  s top  
w a tc h .  If the  s tu d e n t  w a s  a b l e  to r u n  fo r  one m in u te  o r  l o n g e r  b e f o r e  
h i s  h e a r t  r a t e  r e a c h e d  180 b e a t s  p e r  m in u te ,  h e  w a s  r e t a i n e d  as  a  s u b je c t  
a n d  a s s i g n e d  to a  g r o u p .  If  th e  s tu d en t  f a i l e d  to r u n  f o r  one m in u te  b e f o r e
19
r e a c h i n g  the  180 b e a t s  p e r  m i n u t e  h e a r t  r a t e ,  he  w a s  r e s c h e d u l e d  fo r  
a n o t h e r  s e s s i o n  on  a n o t h e r  day ,  and if  h e  f a i l e d  the  s e c o n d  t i m e ,  h e  w a s  
not r e t a i n e d .
Tw o of the  s tu d e n t s  w e r e  e x c u s e d  a s  s u b je c t s  b e c a u s e  they  p o s s e s s e d  
too m u c h  body  s t a t i c  w h ich  c a u s e d  the c a r d i o - t a c h o m e t e r  to m a l fu n c t io n .  
E ig h t  m o r e  w e r e  d i s q u a l i f i e d  b e c a u s e  of t h e i r  in a b i l i t y  to r u n  on the  t r e a d ­
m i l l  f o r  one m i n u t e  b e f o r e  r e a c h i n g  the c r i t e r i o n  h e a r t  r a t e .  T h e r e f o r e ,  
s i x t e e n  s u b je c t s  w e r e  i n i t i a l l y  c h o s e n  fo r  th e  s tudy.
F o u r  of the  s i x t e e n  s u b je c t s  d r o p p e d  out  of s ch o o l  p r i o r  to the  
c o m p l e t i o n  of the  t e s t i n g .  Only the d a ta  on  the  tw e lve  r e m a i n i n g  s u b je c t s  
w ho  took  p a r t  in  a l l  fou r  t r e a t m e n t s  w e r e  in c lu d e d  in  th i s  s tudy.
The s u b je c t s  in  th i s  s tu d y  r a n g e d  in  a g e  f r o m  e i g h t e e n  to tw en ty  
y e a r s  and w e r e  f r o m  the  p h y s i c a l  e d u c a t io n  a c t i v i t y  c l a s s e s  a t  S o u th e rn  
U n i v e r s i t y  in  New O r l e a n s ,  New O r l e a n s ,  L o u i s i a n a .  T he  m e a n  ag e  of 
the  s u b je c t s  w a s  n in e te e n  y e a r s ;  th e  m e a n  h e ig h t  w a s  69. 66 in c h e s  and 
the m e a n  w e ig h t  w a s  151. 5 pounds .
III. T E S T IN G  E Q U IP M E N T
Q uin ton  T r e a d m i l l .  ^ T h e  Q uin ton  T r e a d m i l l ,  M o d e l  1 8 - 4 9 - C  a s  
i l l u s t r a t e d  on th e  fo l lowing  pag e  w a s  u s e d  a s  the m e a n s '  of e x e r c i s e  fo r
i n s t r u c t i o n  M a n u a l ,  M o d e l  1 8 - 4 9 - C  
Q u in to n  I n s t r u m e n t s  C o m p a n y ,  S e a t t l e ,  W ash ing ton .
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e a c h  of the  w o r k  b o u t s .  T h e  t r e a d m i l l  h ad  a  s t a n d a r d  s p e e d  r a n g e  of 
one to t e n  m i l e s  p e r  h o u r  a n d  e l e v a t i o n  g r a d e s  f r o m  z e r o  to f o r t y  p e r  
c e n t .  I t  w a s  e q u ip p e d  w i th  a n  a u t o m a t i c  e l e c t r i c  b r a k i n g  s y s t e m .
E x e r c i s e  C a r d i o  T a c h o m e t e r .  T h e  Q u in to n  M o d e l  Q l - 6 0 9  E x e r c i s e  
C a r d i o  T a c h o m e t e r  w a s  u s e d  to  m e a s u r e  the  h e a r t  r a t e .  T h e  i n s t r u m e n t  
w a s  d e s ig n e d  to o b ta in  a c c u r a t e  h e a r t  m e a s u r e m e n t s  w h i le  a n  i n d i v i d u a l  
p a r t i c i p a t e s  in  v i g o r o u s  e x e r c i s e .  T h e r e  w e r e  tw o  b a s i c  c o m p o n e n t s  to 
the  s y s t e m :  an  i s o l a t i o n  p r e a m p l i f i e r  w o r n  on  the  body  of  t h e  s u b je c t  a n d  
a  c o n t r o l  an d  d i s p l a y  u n i t .  T h e  s y s t e m  o p e r a t e d  w i th  t h r e e  s u r f a c e  e l e c ­
t r o d e s  h e ld  in  p l a c e  w i th  e x e r c i s e  a d h e s i v e  p a t c h e s  an d  e l e c t r o d e  p a s t e .  
T h e  i n f o r m a t i o n  w a s  c o n v e r t e d  f r o m  th e  E C G  s ig n a l  in to  DC v o l t a g e  w h ic h  
r e p r e s e n t s  h e a r t  r a t e .  T h e  C a r d i o - T a c h o m e t e r  d i g i t a l l y  d i s p l a y e d  the 
a v e r a g e  h e a r t  r a t e  ( a p p r o x i m a t e l y  tw e n ty  b e a t  a v e r a g e  of h e a r t  b e a t  r a t e ) .  
T h e  s y s t e m  w a s  c a l i b r a t e d  o r i g i n a l l y  to  a n  a c c u r a c y  of + 1 b e a t  o v e r  th e  
e n t i r e  r a n g e  o f  th e  m e t e r  f o r  a  u n i t  o f  t e n  b e a t s .
IV. T E S T I N G  P R O C E D U R E
T e s t i n g  a r e a .  The  t r e a d m i l l  w a s  l o c a t e d  i n  a  c l a s s r o o m  th a t  h a d  
b e e n  c o n v e r t e d  in to  a  P h y s i c a l  E d u c a t i o n  R e s e a r c h  L a b o r a t o r y .  T h e  f l o o r  
a r e a  w a s  35 f e e t  w ide ,  36 f e e t  long, w i th  a  10 foo t  c e i l i n g .  In  a d d i t i o n  to
2
I n s t r u c t i o n  M a n u a l ,  M o d e l  .Ql-609
Q u in to n  I n s t r u m e n t s  C o m p a n y ,  S e a t t l e ,  W a s h in g to n .
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b e in g  s e r v i c e d  b y  a c e n t r a l  h e a t in g  and coo l ing  unit ,  the l a b o r a t o r y  w as  
equ ipped  w i th  a one ton  window a i r  c o n d i t i o n e r .  The a i r  c o n d i t i o n e r  
w a s  t h e r m o s t a t i c a l l y  c o n t r o l l e d  and the t e m p e r a t u r e  kep t  w i th in  a r a n g e  of 
70 to 72 d e g r e e s  F a h r e n h e i t .
E l e c t r o d e  a t t a c h m e n t s . T h r e e  s u r f a c e  e l e c t r o d e s  w e r e  a t t a c h e d  to 
e a c h  s u b je c t  w i th  e x e r c i s e  a d h e s i v e  p a t c h e s  and e l e c t r o d e  p a s t e .  The 
sk in  w a s  p r e p a r e d  in  th e  fo l lowing way .  A h ea v y  g r i t t y  e l e c t r o d e  p a s t e  
w a s  v i g o r o u s l y  ru b b ed  in to  the  sk in  un t i l  the  sk in  r e d d e n e d .  The sk in  
w a s  then  w a s h e d  w i th  w a r m  w a t e r  and a l l  t r a c e s  of th e  e l e c t r o d e  p a s t e  
r e m o v e d .  The  e l e c t r o d e s  w e r e  then  p r e p a r e d  by p l a c in g  an a d h e s iv e  
w a s h e r  o v e r  the e l e c t r o d e  and app ly ing  a  s m a l l  dab of e l e c t r o d e  p a s t e  on 
the  e l e c t r o d e .  A s  sh o w n  in  F i g u r e  1 one of the two in p u t  e l e c t r o d e s  w as  
p l a c e d  a t  the  body of the  s t e r n u m  (A) and  th e  o th e r  s l i g h t ly  to the  le f t  
and  be low  the  lef t  n ipp le  on bony s t r u c t u r e  (C). The  g ro u n d  lead  w a s
p la c e d  be low and to the  r ig h t  o f  th e  r i g h t  n ipple  (B).
F IG U R E  1
E E E C T R O D E  A T T A C H M E N T S  FOR THE QUINTON M O D E L  Q l - 6 0 9
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D e s c r i p t i o n  of  the  t e s t . The Q u in ton  1 8 -4 9 -C 1  t r e a d m i l l ,  opterated 
a t  a s p e e d  of e ig h t  m p h  and  a t  a te n  p e r  cen t  e l e v a t i o n  w a s  u s e d  a s  the  
m e d i u m  fo r  p ro d u c in g  fa t ig u e .  T he  s u b je c t s  w o r e  s h o r t s  and  t e n n i s  s h o e s .  
Upon a r r i v a l  in  the  l a b o r a t o r y  the  s u b je c t  w a s  p l a c e d  on a m a s s a g e  tab le .  
F o l lo w in g  p r o p e r  s k in  p r e p a r a t i o n s ,  h e  w a s  a t t a c h e d  to the  Q u in ton  
E x e r c i s e  C a r d i o t a c h o m e t e r  and  r e m a i n e d  in  a  su p in e  p o s i t i o n  f o r  five 
m i n u t e s  in  o r d e r  to g e t  a  f a i r l y  s ta b l e  r e s t i n g  h e a r t  r a t e .  A t  the  c o n ­
c lu s io n  of the f ive m i n u t e s  the  t r e a d m i l l  w as  t u r n e d  on and the  s u b je c t  
w a s  to ld  to  s tan d  on th e  s id e  p l a t f o r m  of the  t r e a d m i l l  and  ho ld  on to bo th  
hand  r a i l s .  On c o m m a n d  th e  s u b je c t  swung h is  f e e t  o v e r  the  t r e a d m i l l  
and  l o w e r e d  t h e m  to t h e  ru n n in g  s u r f a c e .  A s to p  w a t c h  w a s  s t a r t e d  w h en  
the  s u b je c t  b e g a n  ru n n in g .  A f t e r  the  f if th  d ig i t a l  p r e s e n t a t i o n  b y  the  
c a r d i o t a c h o m e t e r  in d i c a t i n g  th a t  the  h e a r t  r a t e  w a s  180 b e a t s  p e r  m in u te ,  
the  s u b je c t  w a s  told to d i s m o u n t .  The  s top  w a tc h  u s e d  to t i m e  th e  w o r k  
bou t  w a s  s topped  and a  s e c o n d  one s t a r t e d  to t i m e  the  r e c o v e r y  p e r io d .
A h e a r t  r a t e  r e a d in g  f r o m  the  c a r d i o t a c h o m e t e r  w a s  r e c o r d e d  a t  the  end 
of  e a c h  m i n u t e  f o r  a p e r i o d  of f i f t e e n  m i n u t e s .  I m m e d i a t e l y  a f t e r  d i s ­
m o u n t in g ,  the  s u b je c t  w a s  g iv en  one of the  t r e a t m e n t s  and m a d e  to l ie  in  
a  sup ine  p o s i t i o n  on the m a s s a g e  tab le ,  e x c e p t  f o r  the  w alk ing  t r e a t m e n t .
A t  t h e  c o n c lu s io n  of the  f i f t e e n  m in u te  r e c o v e r y  t r e a t m e n t  p e r io d ,  
the  s u b je c t  a g a in  r a n  on  th e  t r e a d m i l l  u n t i l  the  180 b e a t s  p e r  m i n u t e  
h e a r t  r a t e  w a s  r e a c h e d .  T he  p r o c e d u r e s  f o r  the  s ec o n d  b o u t  and  r e c o v e r y  
p e r i o d  t r e a t m e n t  w e r e  th e  s a m e  a s  f o r  th e  f i r s t  b o u t  and  r e c o v e r y  p e r i o d .
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T he  t e s t i n g  days  w e r e  M onday  th ro u g h  F r i d a y .  The  s u b je c t s  w e r e  
d iv ided  in to  four  g r o u p s  w i th  fo u r  in  e a c h  g r o u p .  The g r o u p s  w e r e  t h e n  
r a n d o m l y  a s s i g n e d  a  n u m b e r  f r o m  one to f o u r .  D ur ing  the  f i r s t  f o u r  d a y s  
of t e s t i n g ,  G ro u p  one r e c e i v e d  t r e a t m e n t  two, cold  p a c k s ;  G roup  two 
r e c e i v e d  t r e a t m e n t  f o u r ,  ho t  p a c k s ;  G roup  t h r e e  r e c e i v e d  t r e a t m e n t  
t h r e e ,  r e s t ;  and  G ro u p  fo u r  r e c e i v e d  t r e a t m e n t  one, w a lk in g .  F o u r  
s u b je c t s  w e r e  t e s t e d  e a c h  day,  one f r o m  e a c h  of  the  t r e a t m e n t  g r o u p s .  
D u r in g  the nex t  f o u r  d a y s  of t e s t i n g ,  G ro u p  one r e c e i v e d  t r e a t m e n t  t h r e e ,  
G roup  two r e c e i v e d  t r e a t m e n t  one,  G roup  t h r e e  r e c e i v e d  t r e a t m e n t  f o u r ,  
and G roup  fo u r  r e c e i v e d  t r e a t m e n t  two. D u r in g  the  t h i r d  fo u r  days  of 
t e s t i n g ,  G roup  one r e c e i v e d  t r e a t m e n t  f o u r ,  G roup  two r e c e i v e d  t r e a t m e n t  
two, G ro u p  t h r e e  r e c e i v e d  t r e a t m e n t  one,  and  G ro u p  fo u r  r e c e i v e d  t r e a t ­
m e n t  t h r e e .  D ur ing  the  f o u r th  fo u r  days  of t e s t i n g ,  G ro u p  one r e c e i v e d  
t r e a t m e n t  one ,  G ro u p  two r e c e i v e d  t r e a t m e n t  t h r e e ,  G ro u p  t h r e e  r e c e i v e d  
t r e a t m e n t  two, and  G r o u p  fo u r  r e c e i v e d  t r e a t m e n t  f o u r .  T h i s  c o u n te r  
b a l a n c e d  o r d e r  w a s  u s e d  to  s e c u r e  c o m p a r a b l e  t e s t i n g  co n d i t io n s  f o r  
e a c h  t r e a t m e n t .
V. D E S C R IP T IO N  O F  T R E A T M E N T S
A b d o m in a l  Cold P a c k . The  a b d o m in a l  c o ld  p a c k  t r e a t m e n t  w as  
a d m i n i s t e r e d  by  p la c in g  a n  i c e  p a c k  next  to the  sk in  on the  l o w e r  p o r t i o n  
of the  a b d o m in a l  a r e a  b e t w e e n  the  u m b i l i c u s  and  t h e 'p u b ic  a r e a  of the 
s u b je c t  i m m e d i a t e l y  a f t e r  c o m p le t io n  of t h e  t r e a d m i l l  w o r k  bou t .  T he
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p a c k  w a s  h e ld  in. p l a c e  by an  A c e  b a n d a g e . - T he  s u b j e c t  r e c l i n e d  in  a 
su p in e  p o s i t i o n  on  a m a s s a g e  tab le  f o r  the  d u r a t i o n  of  the  f i f t e e n  m in u te  
r e c o v e r y  p e r io d .  A t  the  end of th is  p e r i o d  the  i c e  p a c k  w a s  r e m o v e d .
T h i s  p r o c e d u r e  w a s  folLowed a f t e r  e a c h  of  the  two t r e a d m i l l  w o r k  b o u ts .
R u b e f a c i e n t  Low B a c k  Hot  P a c k .  The  r u b e f a c i e n t  low b a c k  h o t  p a c k  
t r e a t m e n t  w as  a c c o m p l i s h e d  by p lac in g  an  8" x 10” p i e c e  o f . c r a m e r o l  i n ­
s u la t i o n  m a t e r i a l  w i th  120 g r a m s  of a t o m i c  b a l m  s p r e a d  o v e r  i t s  s u r f a c e  
and  h e ld  in  p l a c e  by  a n  A c e  b a n d a g e  on the l o w e r  b a c k  of the  s u b je c t  i n  the  
l u m b a r  r e g io n .  T h is  w as  a p p l i e d  w hi le  the s u b je c t  w a s  lying in a p r o n e  
p o s i t i o n  on the m a s s a g e  t ab le .  A s  soon  a s  the  ho t  p a c k  w a s  s e c u r e d ,  the 
s u b j e c t  a s s u m e d  a  su p in e  .p o s i t io n  and  r e m a i n e d  t h e r e  f o r  th e  d u r a t i o n  of 
the  r e c o v e r y  p e r i o d .  It  took  a p p r o x i m a t e l y  one m i n u t e  to  a p p ly  the  hot 
pack .  A t  the  c o n c lu s io n  of th e  r e c o v e r y  p e r i o d  the  ho t  p a c k  w a s  r e m o v e d .  
Th is  p r o c e d u r e  took  a p p r o x i m a t e l y  45 s e c o n d s  and  w as  p e r f o r m e d  w i th  
the  s u b j e c t  lying in  a  p r o n e  p o s i t i o n  on the  m a s s a g e  tab le .  Two h o t  p a c k s  
w e r e  u s e d  on e a c h  s u b je c t ,  one a f t e r  e a c h  of th e  t r e a d m i l l  w o r k  b o u t s .
Supine  R e s t .  T h e  su p in e  r e s t  t r e a t m e n t  c o n s i s t e d  of th e  s u b je c t  
r e c l i n i n g  in  a su p in e  p o s i t i o n  on the  m a s s a g e  t a b l e  i m m e d i a t e l y  a t  the 
c o n c lu s io n  of e a c h  of  the two t r e a d m i l l  w o r k  b o u t s .  The s u b je c t  r e m a i n e d  
in th i s  p o s i t i o n  f o r  the f i f t e e n  m i n u t e s  of e a c h  of  the  two r e c o v e r y  p e r i o d s .
W a lk in g . T he  w a lk in g  t r e a t m e n t  w as  a c c o m p l i s h e d  by a d ju s t in g  the  
t r e a d m i l l  f r o m  e ig h t  m p h  a t  10 p e r  c e n t  g r a d e  dow n to  two m i l e s  p e r  h o u r  
a t  z e r o  g r a d e .  T h i s  a d j u s t m e n t  w h ic h  to o k  a p p r o x i m a t e l y  60 s e c o n d s ,  w a s
m a d e  i m m e d i a t e l y  a f t e r  the  c o m p le t io n  of  the  w o r k  bou t  w i th  the  s u b je c t  
s t a n d in g  on the  s id e  p l a t f o r m .  As soon  a s  the a d j u s t m e n t  w a s  c o m p le t e d  
the  s u b je c t  w as  d i r e c t e d  to b e g in  w a lk in g .  A t . th e  c o n c lu s io n  of t h i r t e e n  
m i n u t e s  of w a lk ing  the s u b je c t  w a s  to ld  to  s ta n d  on the  s ide  p l a t f o r m  w h i le  
the  t r e a d m i l l  w a s  r e a d j u s t e d  to a s p e e d  of e ig h t  m i l e s  p e r  h o u r  a t  a  10 p e r  
c e n t  g r a d e  fo r  the  second  w o r k  bout .
VI. S T A T IS T IC A L  ANALYSIS
The  s e r v i c e s  of the C o m p u t e r  R e s e a r c h  C e n t e r  a t  L o u i s i a n a  State  
U n i v e r s i t y  w e r e  u t i l i z e d  fo r  m o s t  of the  c o m p u ta t io n s  tha t  w e r e  invo lved  
in the  a n a l y s i s  of the  d a ta  fo r  th i s  s tudy .  A n a l y s i s  of c o v a r i a n c e  w i th  a 
c o m p l e t e l y  r a n d o m i z e d  b lo c k  d e s ig n  w a s  u s e d  to  t e s t  the  d i f f e r e n c e  in 
len g th  of  t i m e  in  s e c o n d s  r e q u i r e d  to r e a c h  the 180 b e a t s  p e r  m i n u t e  h e a r t  
r a t e  d u r in g  the  s e c o n d  t r e a d m i l l  w o r k  b o u t  a m o n g  the  fo u r  t r e a t m e n t s  fo r  
s t a t i s t i c a l  s ig n i f i c a n c e .  O r t h o g o n a l  c o m p a r i s o n s  w e r e  u t i l i z e d  to lo c a te  
s ig n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t r e a t m e n t s .  A n a l y s i s  w a s  m a d e  a t  e a c h  
le v e l  of h e a r t  r a t e  r e c o v e r y  to  s e e  if s ig n i f i c a n t  d i f f e r e n c e s  e x i s t e d  
in  the h e a r t  r a t e  r e c o v e r y  p a t t e r n  a m o n g  t h e ' f o u r  ty p e s  of r e c o v e r y  
t r e a t m e n t s .
+C H A P T E R  IV 
P R E S E N T A T I O N  AND AN ALY SIS  O F  DATA 
I.  IN T R O D U C T IO N
In  o r d e r  to d e t e r m i n e  i f  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  in  the 
e f f e c t i v e n e s s  o f  the  u s e  of  a b d o m i n a l  co ld  p a c k s ,  r u b e f a c i e n t  low b a c k  
h o t  p a c k s ,  w a lk in g ,  and  su p in e  r e s t  f o r  r e c o v e r y  fo l lo w in g  t r e a d m i l l  
w o r k  b o u t s ,  the fo l lo w in g  s t a t i s t i c a l  t e c h n i q u e s  w e r e  u s e d :
1. C o v a r i a n c e  a n a l y s i s  o f  the  l e n g th  of  t i m e  r e q u i r e d  f o r  
the s e c o n d  t r e a d m i l l  b o u t  w i th  the t i m e  r e q u i r e d  f o r  the 
f i r s t  t r e a d m i l l  b o u t  a s  the X v a r i a b l e .  T h is  w a s  done  to 
d e t e r m i n e  i f  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  a m o n g  the f o u r  
t r e a t m e n t s  w h e n  the t i m e s  r e q u i r e d  f o r  the  f i r s t  b o u t s  
w e r e  e q u a t e d .
2, O r t h o g o n a l  c o m p a r i s o n s  w e r e  u s e d  in  m a k in g  the  fo l low ing  
p l a n n e d  c o m p a r i s o n s :  (a) r u b e f a c i e n t  low b a c k  h o t  p a c k s  
v e r s u s  a b d o m i n a l  c o ld  p a c k s ,  (b) w a lk in g  v e r s u s  su p in e  
r e s t  an d  (c) r u b e f a c i e n t  low b a c k  h o t  p a c k s  and  a b d o m i n a l  
c o ld  p a c k s  v e r s u s  w a lk in g  and s u p in e  r e s t .
In  o r d e r  to a n a l y z e  the  d i f f e r e n c e s  b e t w e e n  the h e a r t  r a t e  r e ­
c o v e r y  p a t t e r n s  fo l lo w in g  th e  u s e  o f  the f o u r  t r e a t m e n t s ,  the  fo l low ing  
s t a t i s t i c a l  t e c h n i q u e s  w e r e  u s e d :
1. S im p le  l i n e a r  r e g r e s s i o n  of h e a r t  b e a t  on  t im e  and  l o g a ­
r i t h m  h e a r t  b e a t  on  l o g a r i t h m  t i m e  f o r  e a c h  s u b j e c t  fo r  e a c h  
t r e a t m e n t  w e r e  u s e d  to d e t e r m i n e  i f  the h e a r t  r a t e  p a t t e r n
d u r in g  r e c o v e r y  fo l low ed  a s t r a i g h t  l i n e  p a t t e r n ,
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2. A n a l y s i s  of v a r i a n c e  on v a r i a b l e  a  (y i n t e r c e p t ) ,  b,  ( s lope  
of  the line}, an d  R (g o o d n e s s  o f  fi t )  v a l u e s  o b t a in e d  f r o m  
a r e g r e s s i o n  of  l o g a r i t h m  h e a r t  b e a t  on l o g a r i t h m  t i m e  w a s  
u s e d  to c o m p a r e  the p a t t e r n s  of  h e a r t  r a t e  r e c o v e r y  u n d e r  
the f o u r  c o n d i t i o n s .
II.  ANA LY SIS  O F  C O V A R IA N C E  
C o v a r i a n c e  A n a l y s i s  of L e n g t h  of T i m e  R e q u i r e d  to R e a c h  180 B e a t s  
P e r  M in u te  H e a r t  R a te  f o r  the  S eco n d  T r e a d m i l l  B o u t  W ith  the T i m e  
R e q u i r e d  f o r  the F i r s t  T r e a d m i l l  B o u t  a s  the X V a r i a b l e .
In  C h a r t  I, p a g e  29,  i t  c a n  b e  s e e n  th a t  a  l a r g e  d i f f e r e n c e  e x ­
i s t e d  i n  the  n u m b e r  o f  s e c o n d s  r e q u i r e d  f o r  the  tw e lve  s u b j e c t s  to r e a c h  
a h e a r t  r a t e  o f  180 b e a t s  p e r  m i n u t e  in  the  f i r s t  ( b e fo r e  t r e a t m e n t )  
t r e a d m i l l  w o r k b o u t .  A n a l y s i s  o f  v a r i a n c e  w a s  u t i l i z e d  to d e t e r m i n e  
i f  the d i f f e r e n c e  a m o n g  the p r e - t r e a t m e n t  w o r k b o u t  t i m e s  w e r e  s t a ­
t i s t i c a l l y  s ig n i f i c a n t .  A s i g n i f i c a n t  F - r a t i o  w a s  found;  t h e r e f o r e ,  i t  
w a s  d e c i d e d  th a t  c o v a r i a n c e  a n a l y s i s  of  the  l e n g th  of t i m e  r e q u i r e d  
f o r  the  s e c o n d  t r e a d m i l l  b o u t  w i th  the t i m e  r e q u i r e d  f o r  the f i r s t  t r e a d - ^  
m i l l  b o u t  a s  the X v a r i a b l e  w o u ld  b e  u s e d .
I
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T r e a t m e n t s T i m e  R e q u i r e d  in  S econds
Bout  1 
(B e fo re  T r e a t m e n t )
B o u t  2 
(A f te r  T r e a t m e n t )
W alking 78. 75 62. 83
A b d o m in a l  Cold  P a c k 90. 25 75. 92
Supine  R e s t 9 7 .4 2 72. 58
R u b e f a c ie n t  Low  B a c k  
H o t  P a c k
95. 42 77. 92
C H A R T 1
M EA N  TIM E IN SECONDS REQ U IRED  BY T W E L V E  S U B JE C T S  
TO REA CH  A 180 B E A T S  P E R  M IN U T E H E A R T  RATE 
FOR E A C H  WORKBOUT F O R  F O U R  E X P E R I ­
M E N T A L  CONDITIONS
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A s  shown in  T a b ic  I, the F - r a t i o  of 2, 66 w a s  found in  the c o -  
v a r i a n c e  a n a l y s i s  of the s e c o n d  t r e a d m i l l  b o u t  t im e  in  s e c o n d s  a d ju s te d  
fo r  the  t im e  of the f i r s t  t r e a d m i l l  bou t .  An F  of  2. 90 w a s  n e ed ed  a t  the 
. 05 p r o b a b i l i t y  l e v e l ,  c o n s e q u e n t ly ,  th is  F  w as  not s t a t i s t i c a l l y  s ig n i f i c a n t .
S ince  the a n a l y s i s  of c o v a r i a n c e  i s  not  a r i g i d  t e s t  and the F - r a t i o  
of 2. 66 a p p r o a c h e d  b e in g  s t a t i s t i c a l l y  s ig n i f i c a n t ,  i t  w as  d e c id e d  tha t  the 
p lan n ed  c o m p a r i s o n s  would be m a d e  d e s p i t e  the  n o n - s i g n i f i c a n t  F - r a t i o .  
T h i s  p r o c e d u r e  i s  c o n s i d e r e d  j u s t i f i e d  w h en  p la n n e d  c o m p a r i s o n s  a r e  
u t i l i z e d .  1
T A B L E  I
CO VARIANCE ANALYSIS O F  L E N G T H  O F  TIM E R E Q U IR E D  
TO R E A C H  180 B E A T S  P E R  M IN U T E  H E A R T  R A T E  FO R
THE SECOND T R E A D M I L L  BO UT W ITH TH E T IM E  
R E Q U IR E D  F O R  TH E F IR S T  T R E A D M I L L  BO U T 
AS T H E  X V A R IA B LE
S o u r c e SSx SSy SSxy
A dj .
SSy df MS F P
S u b je c t s 15, 9 8 3 .4 2 12220.  06 13, 016. 88 11
T r e a t m e n t s 2 5 2 1 .5 8 1611. 90 1678. 88 775 3 258 2 . 66 N.S.
E r r o r 9638 3932- 38 2804.  38 3116 32 97
F  n e e d e d  fo r  s ig n i f i c a n c e  a t . 05 l e v e l , 2. 90, . 01 l e v e l , 4. 46
G eo rg e  W. S n e d e c o r .  S t a t i s t i c a l  M e th o d s ,  f i f th  e d i t io n ,  (A m es  
Iow a:  T he  Iow a S ta te  U n i v e r s i t y  P r e s s ) ,  1956, p .  350.
III. O R TH O G O NA L COMPARISONS ■
With fo u r  t r e a t m e n t s  t h e r e  w e r e  t h r e e  a l l o t t e d  c o m p a r i s o n s  ( N - l ) .
•>
T he  t h r e e  p la n n e d  c o m p a r i s o n s  w e r e  su p in e  r e s t  v e r s u s  w a lk in g ,  r u b e ­
f a c i e n t  low b a c k  h o t  p a c k  v e r s u s  a b d o m in a l  co ld  p a c k  and su p in e  r e s t  
and w alk ing  v e r s u s  r u b e f a c i e n t  low b a c k  h o t  p a c k s  and  a b d o m i n a l  co ld  
p a c k s .
E a c h  c o m p a r i s o n  y ie ld e d  a  s u m  of s q u a r e s  w i th  one d e g r e e  of 
f r e e d o m .  The r e s u l t i n g  m e a n  s q u a r e  w a s  then t e s t e d  f o r  s ig n i f i c a n c e  
b y  m e a n s  of the F ~ r a t io .
In T a b le  II,  i t  c a n  b e  s e e n  th a t  the  c o m p a r i s o n s  (1) b e t w e e n  sup ine  
r e s t  and w a lk in g  and  (2) b e t w e e n  r u b e f a c i e n t  low b a c k  h o t  p a c k s  and a b d o m ­
i n a l  co ld  p a c k s  r e s u l t e d  in F - r a t i o s  th a t  w e r e  not  s t a t i s t i c a l l y  s ig n i f i c a n t .  
H o w e v e r ,  the c o m p a r i s o n  b e t w e e n  su p in e  r e s t  and  w a lk in g  v e r s u s  r u b e ­
f a c i e n t  low b a c k  h o t  p a c k s  a n d  a b d o m in a l  i c e  p a c k s  p r o d u c e d  an  F - r a t i o  
of  1 4 .3 5 .  A n  F - r a t i o  of 7. 50 w a s  n e e d e d  f o r  s t a t i s t i c a l  s ig n i f i c a n c e  a t  
the . 01 l ev e l .
Th is  i n d i c a t e d  tha t  the u s e  of  the r u b e f a c i e n t  low b a c k  h o t  p a c k  o r  
the a b d o m in a l  co ld  p a c k  w a s  m o r e  e f f e c t iv e  in  a id ing  r e c o v e r y  a f t e r  a 
t r e a d m i l l  w o r k  b o u t  than  su p in e  r e s t  o r  w a lk ing .  S ince  no  s t a t i s t i c a l l y  
s ig n i f i c a n c e  d i f f e r e n c e  w as  found w hen  the r u b e f a c i e n t  ho t  p a c k  and the 
a b d o m in a l  co ld  p a c k  w e r e  c o m p a r e d  i t  i n d i c a t e d  th a t  b o th  w e r e  e s s e n t i a l l y  
eq u a te d  in  t h e i r  e f f e c t i v e n e s s ,
A lo o k  a t  the  a d ju s t e d  m e a n  t i m e s  f o r  the s e c o n d  t r e a d m i l l  w o r k  
b o u t  in  T a b le  II r e v e a l e d . v e r y  l i t t l e  d i f f e r e n c e  in  m e a n  t im e  b e tw e e n  the w a l k ­
ing  t r e a t m e n t  {66.23 s e c o n d s )  and the r e s t  t r e a t m e n t  {70. 57 s e c o n d s ) .
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An ev en  s m a l l e r  d i f f e r e n c e  e x i s t e d  b e t w e e n  the  m e a n  t i m e  f o r  the co ld  
p a c k  t r e a t m e n t  {75. 98 s e c o n d s )  an d  the r u b e f a c i e n t  low b a c k  h o t  p a c k  
t r e a t m e n t  ( 7 6 .4 8  s e c o n d s ) .
T A B L E  II
O R T H O G O N A L  C O M P A R IS O N S  A M O N G  F O U R  T R E A T M E N T S  IN 
T IM E  R E Q U IR E D  TO R E A C H  180 B E A T S  P E R  M IN U T E  IN
SEC O N D  WORK B O U T
Xx2 Xxv Xv2
Adj .
X V . d f M 2 F P
S u p in e  R e s t  v s .  
W alk in g
2091 1092 570 92 1 92 . 92 N.S
R u b e f a c i e n t  H o t  
P a c k  v s .  A b d o m ­
i n a l  C o ld  P a c k
160 62 24 2 1 2 . 02 N.S.
R e s t  and W alk ing  
v s .  R u b e f a c i e n t  
H o t  P a c k  and  A b d o m  
i n a l  C o ld  P a c k
542 1050 2035 1392 1- 1392 14. 35 . 01
E r r o r 9639 2804 3932 3116 32 97
A d j u s t e d  m e a n  t i m e s  f o r  s e c o n d  t r e a d m i l l  b o u t s  
W alk in g  6 6 . 23 s e c o n d s  S up ine  R e s t 70.  57 s e c o n d s
C o ld  P a c k s  75. 98 s e c o n d s  R u b e f a c i e n t
H o t  P a c k s  7 6 . 4 8  s e c o n d s
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IV. REGRESSION ANALYSIS O F  R E C O V E R Y  P A T T E R N S
An a n a l y s i s  of the r e s u l t s  of  s im p l e  l i n e a r  r e g r e s s i o n  of h e a r t b e a t
on t im e  and l o g a r i t h m  h e a r t  b e a t  on l o g a r i t h m  t im e  c a l c u l a t e d  f o r  eac h
s u b j e c t  d u r in g  r e c o v e r y  a f t e r  e a c h  t r e a t m e n t  r e v e a l e d  th a t  the p a t t e r n
d u r in g  r e c o v e r y  w a s  m o r e  c u r v i l i n e a r  than  l i n e a r .  T h e r e f o r e ,  a n a l y s i s
2
of v a r i a n c e  on  a,  b ,  and R f r o m  r e g r e s s i o n  of l o g a r i t h m  h e a r t  b e a t  on 
l o g a r i t h m  t im e  w a s  u s e d  to c o m p a r e  the p a t t e r n s  of r e c o v e r y .
C h a r t  II, p a g e  34, p r o v i d e s  a s u m m a r y  of m e a n  r e c o v e r y  h e a r t  
r a t e s  fo r  a l l  t r e a t m e n t s  f o r  e a c h  m i n u t e  fo l lowing  e x e r c i s e  f o r  b o th 'b o u t s .  
C h a r t  III , p a g e  35, p r o v i d e s  a s u m m a r y  of  m e a n  r e c o v e r y  h e a r t  r a t e s  fo r  
e a c h  of the s u b je c t s  f o r  e a c h  t r e a t m e n t .  C h a r t  IV, p a g e  36, p r o v i d e s  a 
s u m m a r y  of  the  m e a n  r e c o v e r y  h e a r t  r a t e s  fo r  e a c h  t r e a t m e n t  b y  t im e  
fo r  e a c h  bout .  It  w a s  fe l t  th a t  a p e r i o d i c  r e f e r r a l  to t h e s e  d a t a  would  aid 
the r e a d e r  w h i le  e x a m in in g  the d i f f e r e n t  a n a l y s e s .
The r e c o v e r y  p a t t e r n s  fo l low ing  b o u t s  one and  two w e r e  c o m p a r e d  
in the  a n a l y s i s  of v a r i a n c e  a s  w e l l  a s  the c o m b in e d  r e c o v e r y  p a t t e r n s  of 
b o th  b o u ts  a s  to the  c h a r a c t e r i s t i c s  of the  r e g r e s s i o n  l i n e s .  A l th o u g h  
t h e r e  w a s  no d i f f e r e n c e  b e t w e e n  the two b o u ts  in  t e r m s  of  a v e r a g e  h e a r t  
r a t e  d u r in g  the  f i f t e e n  m in u te  p e r i o d  ( a v e r a g e  103. 03 f o r  Bout  1, 102. 00 
fo r  B o u t  2, s e e  C h a r t  II), t h e r e  w e r e  s o m e  s ig n i f i c a n t  d i f f e r e n c e s  in  the 
n a t u r e  o f  the r e c o v e r y  p a t t e r n s .
A n a l y s i s  of V a r i a n c e  fo r  V a r i a b l e  a
A n a l y s i s  of v a r i a n c e  f o r  V a r i a b l e  a  (y i n t e r c e p t )  p r o d u c e d  an  F -  
r a t i o  of  6. 75 fo r  t r e a t m e n t s  w h ic h  w as  s t a t i s t i c a l l y  s ig n i f i c a n t  a t  the  . 01 
l ev e l .  T h is  in d i c a t e d  tha t  the y i n t e r c e p t  w as  not the s a m e  f o r  a l l  t r e a t -
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T r e a t m e n t W alk ing
A b d o m in a l  
Cold P a c k
Supine
R e s t
Low B a c k  
Hot P a c k
A l l
T r e a t m e n t s
R e c o v e r y  1 
R a te s
143 132 132 134 135
(m in u te s )  2 128 112 114 110 116
3 120 104 105 103 108
4 117 100 100 98 104
5 114 97 98 95 101
6 113 96 98 94 100
7 113 95 97 94 100
8 112 94 97 93 99
9 . 112 93 96 93 98
10 111 93 96 92 98
11 110 92 95 92 97
12 109 92 93 91 96
13 110 90 92 93 96
14 110 89 92 89 95
109 88 90 88 94
M ea n  R e c o v e r y R a te s  f o r  C o m b in e d  G ro u p s  fo r  Both  W o rk  B o u ts :
B o u t  1 103. 03 
Bout  2 102. 00
CH ART II
SUMMARY O F  T H E  M E A N  R E C O V E R Y  R A TES FOR WALKING,
A B DO M IN AL C O L D  PACK , SU P IN E REST,  LOW BACK
HOT P A C K  AND CO M BINED REC O V ER Y  RATES 
' FO R E A C H  GROUP BY TIM E  AND BY BOUTS
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T r e a t m e n t s W alk ing
A b d o m in a l  
Cold  P a c k
Supine
R e s t
Low B a c k  
Hot  P a c k
S u b je c t s
1 113 84 89 91
2 124 103 101 99
3 117 100 98 98
4 125 102 104 106
5 114 97 98 94
6 124 88 100 99
7 116 94 93 103
8 120 101 109 99
9 116 101 96 96
10 96 94 110 87
11 120 102 99 97
12 100 107 99 98
C H A R T  III
SUMMARY O F  M E A N  REC O V ER Y  RA TES F O R  EA CH  
S U B J E C T  F O R  WALKING, A B D O M IN A L C O L D  
P A C K ,  SU PIN E RE S T ,  AND LOW BACK 
H O T  P A C K
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T r e a t m e n t W alk in g
A b d o m i n a l  
Cold  P a c k
Sup ine
R e s t
Low B a c k  
H ot  P a c k
B o u t  1 B o u t  2 B o u t 1 B o u t  2 B o u t  1 B o u t  2 B o u t  1 B o u t  2
R e c o v e r y
R a t e s 1. 140 145 133 127 133 130 137 130
( m i n u t e s )
2 . 125 130 114 110 116 112 111 109
3. 119 122 104 103 105 105 104 101
4. 115 118 102 99 100 100 97 98
5. 114 115 ' 97 97 99 98 95 96
6 . 112 115 95 96 99 98 94 95
7. 111 114 95 95 99 96 93 95
8 . 111 113 94 94 99 95 93 94
9. 111 112 93 94 97 95 93 93
10. 110 112 93 93 97 94 92 93
11. 110 111 91 93 96 94 92 92
12. 109 109 91 93 95 92 91 92
13. 109 112 89 91 94 90 93 92
14. 109 112 88 90 93 90 88 90
15. 108 109 87 89 91 8 9 87 89
C H A R T  IV
SUM MARY O F  M E A N  R E C O V E R Y  R A T E S  F O R  W ALKING, 
A B D O M IN A L  C O L D  P A C K ,  S U P IN E  R E S T  A N D  LOW 
BA CK H O T  P A C K  T R E A T M E N T S  BY T IM E  
AND  BY B O U TS
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m e n t s .  The d a ta  a r e  p r e s e n t e d  in  T a b le  III. An e x a m i n a t i o n  of F i g u r e  2 
on p a g e  3 8 , and C h a r t  1 on p a g e  29, v e r i f i e s  the s ig n i f i c a n t  F - r a t i o  fo r  
the y i n t e r c e p t  i n  th a t  the h e a r t  r a t e s  i m m e d i a t e l y  a f t e r  e x e r c i s e  w e r e  
d i f f e r e n t .  The  w a lk in g  t r e a t m e n t  r e s u l t e d  in a  c o n s i d e r a b l y  h i g h e r  r a t e  
a f t e r  e x e r c i s e  than  the o t h e r  t h r e e  t r e a t m e n t s .
Ta b le  III a l s o  r e v e a l s  th a t  a  s ig n i f i c a n t  F - r a t i o  e x i s t e d  fo r  the 
c o m p a r i s o n  of  the  y i n t e r c e p t  of  e a c h  bou t .  The  F  of 12. 80 w a s  s ig n i f i c a n t  
a t  the  . 01 l e v e l  of  p r o b a b i l i t y .  A n  e x a m i n a t i o n  of F i g u r e s  3, 4 and 5, 
p a g e s  38. 39 and 40 r e s p e c t i v e l y ,  i l l u s t r a t e  the  d i f f e r e n c e s  b e tw e e n  the 
r e c o v e r y  p a t t e r n s  f o r  the c o m b in e d  t r e a t m e n t s  f o r  the two bou ts  i m m e d i ­
a t e l y  a f t e r  c e s s a t i o n  of e x e r c i s e .
T A B L E  III
ANALYSIS O F  VARIANCE F O R  VAR IA B LE a (y i n t e r c e p t )
S o u r c e  of 
V a r i a t i o n
S u m  of 
S q u a r e s
D e g r e e s  of  
F r e e d o m
M e a n
S q u a r e F F
T r e a t m e n t 0 ,0 3 2 3 3 0 .0 1 0 8 6 . 75 . 01
E r r o r 0 .0 5 1 2 33 0 .0 0 1 6
Bou t 0 .0 0 6 4 1 0. 0064 12. 80 . 01
E r r o r 0 .0 2 1 3 43 0 .0 0 0 5
F  n ee d ed  fo r  s i g n i f i c a n c e , 3 and  33 d e g r e e s  of f r e e d o m  . 05 l e v e l ,  2 . 89 
. 01 l e v e l ,  4, 44
F  needed  f o r  s ig n i f i c a n c e ,  1 and 43 d e g r e e s  of  f r e e d o m  , 0 5  l e v e l ,  4 . 0 6  
, 01 l e v e l ,  7. 24
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105
100
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FIG U RE 2
M EA N  RE CO V ERY  H E A R T  RA TES F O R  F I F T E E N  TIME 
MEASURES F O R  A L L  S U B JE C T S  F O R  EACH 
T R E A T M E N T  FOR BO TH R E C O V E R Y  
PER IO D S
___________ R u b e fa c ie n t  Low B a c k .H o t  P a c k
----------------A b d o m in a l  Cold  P a c k
.....................Sup ine  R e s t
W alk ing
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H E A R T  R A T E
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FIG U RE 3
M EA N  RECO V ERY  H E A R T  RA TES FO R F I F T E E N  TIME 
MEASURES FOR A L E  S U B JE C T S  F O R  EA CH  
T R E A T M E N T  A D M IN ISTE R E D  A F T E R  
F IR S T  BOUT
___________ R u b e fa c ie n t  Low B a c k  Hot  P a c k
---------------- A b d o m in a l  Cold P a c k
.....................  Supine  R e s t
- + -+ -+ -+ -  W alking
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H E A R T  R A T E  ;
M E A N S
140
135
130
120
105
100
4 6 80 1 2 10 11.12
Mi n u t e s
F IG U R E 4
M EA N  R E C O V E R Y  H E A R T  RA TES F O R  F I F T E E N  TIME 
- M EA SU RES F O R  A L L 'S U B J E C T S  F O R  E A C H  
T R E A T M E N T  A D M IN IS T E R E D  A F T E R  
SECOND B O U T  
R u b e f a c ie n t  Dow B a c k  H ot  P a c k
 ------------  A b d o m i n a l  Cold  P a c k
, • ,  • .  Supine  R e s t
+ W alk ing  .
H E A R T  R A T E
M E A N S
150
135
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A n a l y s i s  of V a r i a n c e  of V a r i a b l e  b  (Slope of l ine)
A n a l y s i s  of  v a r i a n c e  of the r a t e s  of r e c o v e r y  fo r  the fo u r  t r e a t -  
m e a t s  ( v a r i a b l e  b) p r o d u c e d  an F - r a t i o  of 5. 66 w h ich  e x c e e d e d  the F  of  
4. 44 needed  to be  s t a t i s t i c a l l y  s ig n i f i c a n t  a t  the  . 01 l e v e l  of  p r o b a b i l i t y .  
T h e s e  d a ta  a r e  p r e s e n t e d  in  Tab le  IV.
T A B L E  IV
ANALYSIS O F  VARIANCE FOR VA R IA B LE b
S o u r c e  of 
V a r i a t i o n
S u m  of  
S q u a r e s
D e g r e e s  of  
F r e e d o m
M e an
S q u a r e s F  P
T r e a t m e n t 0 .0 2 5 4 3 0 .0 0 8 5 5 .6 6  .0 1
E r r o r 0 .0 5 1 0 33 0. 0015
B out 0. 0036 1 0. 0036 9 .0 0  ...01
E r r o r 0. 0177 43 0 .0 0 0 4
F  n e e d e d  fo r s ig n i f i c a n c e  3 and 33 d e g r e e s  of  f r e e d o m  a t  . 05 l e v e l ,  2 . 89,
. 01 l e v e l ,  4. 44
F  n ee d e d  fo r  s ig n i f i c a n c e  f o r  1 and 43 d e g r e e s  o f  freedorq,  a t  . 05 l e v e l ,
4.  06,  . 01 l e v e l  7. 24
Th is  i n d i c a t e d  th a t  a  d i f f e r e n c e  e x i s t e d  i n  the r a t e s  of  r e c o v e r y  
fo l lowing  the fo u r  t r e a t m e n t s .  In F i g u r e  2, p a g e  38, i t  c a n  be  r e a d i l y  
s e e n  tha t  the r e c o v e r y  p a t t e r n  fo r  w a lk in g  w as  d i f f e r e n t  f r o m  the o t h e r  
t r e a t m e n t s .  The h e a r t  r a t e  a t  the end of the f i r s t  m in u te  w a s  h ig h e r  
t h an  f o r  the o t h e r  t h r e e  t r e a t m e n t s  an d  a t  the end of the f i f t e e n th  m in u te  
th i s  d i f f e r e n c e  w a s  m u c h  m o r e  p r o n o u n c e d .  The  r a t e  of r e c o v e r y  h e a r t  
r a t e s  fo r  su p in e  r e s t ,  a b d o m in a l  co ld  p a c k s  and r u b e f a c i e n t  low b a c k  
h o t  p a c k s  w e r e  q u i te  s i m i l a r  ( see  C h a r t  I, p a g e  2 9 , and C h a r t  II, p a g e  34) .
F r o m  th e s e  c h a r t s  the fo l low ing  p o in t s  c a n  be  no ted :
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I
1. T he  m e a n  r e c o v e r y  h e a r t  r a t e  fo r  the w a lk in g  t r e a t m e n t  fo r  
the twelve  s u b je c t s  r e m a i n e d  o v e r  100 b e a t s  p e r  m in u te  
th ro u g h o u t  the f i f t e e n  m in u te  r e c o v e r y  p e r i o d  r e a c h i n g  a 
low of 109 b e a t s  p e r  m in u te  a t  the end of  the  f i f teen  m in u te  
p e r i o d ,
2, T he  m e a n  r e c o v e r y  h e a r t  r a t e s  fo r  the a b d o m i n a l  cold  p a c k  
and  supine  r e s t  t r e a t m e n t s  d e c r e a s e d  to be low  100 b e a t s  p e r  . 
m in u te  a f t e r  fo u r  m i n u t e s ,  c o n t in u ed  to a  low of  88 and 90 
b e a t s  p e r  m in u te ,  r e s p e c t i v e l y ,  a t  the end of  the r e c o v e r y  
p e r i o d .
3, T e n  of the tw e lve  s u b je c t s  h ad  a  m e a n  r e c o v e r y  h e a r t  r a t e  
u n d e r  100 b e a t s  p e r  m i n u t e  a f t e r  the  r u b e f a c i e n t  low b a c k
ho t  p a c k  t r e a t m e n t .  T h e r e  w e r e  s e v e n  a f t e r  sup ine  r e s t  t r e a t ­
m e n t ,  five a f t e r  the a b d o m i n a l  co ld  p a c k  t r e a t m e n t  and on ly  
one a f t e r  the w alk ing  t r e a t m e n t .
4. T he  m e a n  r e c o v e r y  h e a r t  r a t e  fo r  the  f i f t e e n  m in u te  p e r i o d  
fol lowing the  f i r s t  t r e a d m i l l  b ou t  f o r  a l l  f o u r  t r e a t m e n t s  w as  
103 b e a t s  p e r  m in u te .  F o r  the s a m e  p e r i o d  fo l lowing  the  
s econd  t r e a d m i l l  b o u t  the  m e a n  r e c o v e r y  h e a r t  r a t e  w a s  102 
b e a t s  p e r  m in u te .  T h i s  in d i c a t e d  th a t  the m e a n  r e c o v e r y  
h e a r t  r a t e s  fo l low ing  the two b o u ts  w e r e  e s s e n t i a l l y  the  s a m e .
A s  show n in T a b le  IV, t h e r e  w as  a  s ig n i f i c a n t  d i f f e r e n c e  b e tw e e n  the 
s lo p e  of the l ine  fo r  Bou t  one and  B o u t  two. In F i g u r e s  3 and 4, the r e ­
c o v e r y  l i n e s  fo l lowing the s e p a r a t e  t r e a t m e n t s  a p p e a r  to be  e s s e n t i a l l y  the 
s a m e .  H o w e v e r ,  t h e s e  d i f f e r e n c e s  b e tw e e n  the c o m b i n e d  t r e a t m e n t s  fo r  
Bou t  one and  Bout  two w e r e  s ig n i f i c a n t ,  and F i g u r e  5 and  C h a r t  V r e v e a l  the
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■ B o u t  1 B o u t  2
R e c o v e r y  R a te s  
(M inu tes )  1. 137 132
118 114
3. 109 107
4. 104 107
■5. 102 101
6 . 101 101
7. 100 99
8 . 100 98
9. 98 98
1°. 98 98
11. 97 ' 97
12. 96 97
13. 97 96
14. 95 95
15. 94 94
C H A R T  V
SUMMARY O F  TH E M E A N  R E C O V E R Y  H E A R T  RA TES 
F O R  F I F T E E N  TIM E M EASURES F O R  A L E  S U B JE C T S  
F O R  A L L  T R E A T M E N T S  FO L LO W IN G  EA CH
BOUT
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m a g n i tu d e  of the d i f f e r e n c e .
2A n a l y s i s  of V a r i a n c e  of V a r i a b l e  R (G o o d n ess  of Fit)
p
A n  F - r a t i o  of  . 59 w a s  found in  the a n a l y s i s  of v a r i a n c e  of the R 
f o r  the f o u r  t r e a t m e n t s .  S ince  an  F - r a t i o  of 2. 89 w as  n e e d e d  a t  the  . 05 
l e v e l  of  p r o b a b i l i t y  th is  F  w a s  no t  s t a t i s t i c a l l y  s ig n i f i c a n t .  T h e s e  d a ta  
a r e  p r e s e n t e d  in  T a b le  V. This  w a s  i n t e r p r e t e d  to m e a n  th a t  the s q u a r e d  
d e v ia t i o n s  of  the o b s e r v a t i o n s  of  the tw elve  s u b je c t s  a d h e r e d  v e r y  c l o s e ly  
to the p r o j e c t e d  r e g r e s s i o n  c u r v e s .  The F - r a t i o  f o r  the c o m p a r i s o n  
b e t w e e n  the  two w o r k  b o u ts  w as  a l s o  not  s ig n i f i c a n t .
T A B L E  Y
ANALYSIS O F  VARIANCE O F  V A R IA B LE R2
S o u r c e  of  
V a r i a t i o n
S u m  of 
S q u a r e s
D e g r e e s  of 
F r e e d o m
M e an
S q u a r e F  ■ P
T r e a t m e n t 0 .0 6 0 6 3 0 .0 2 0 2 . 59 N .S
E r r o r 1. 1207 33 0 .0 3 4 0
Bout 0 .0 1 5 5 1 0. 155 1. 16 N .S
E r r o r 0 .5 7 6 7 43 0. 0134
F  n e e d e d  fo r  s ig n i f i c a n c e  f o r  3 and  33 d e g r e e s  of f r e e d o m  a t  .05 l e v e l ,  
2. 89, . 01 l e v e l  4. 44
F  n e e d e d  f o r  s ig n i f i c a n c e  f o r  1 and  43 d e g r e e s  of  f r e e d o m  a t  . 05 l e v e l ,  
4. 06, . 01 l e v e l  7. 24
C H A P T E R  V 
SUMMARY, FINDINGS, AND CONCLUSIONS
I. SUMMARY
It  w a s  t h e  p r i m a r y  p u r p o s e  of  t h i s  s tu d y  to  c o m p a r e  th e  e f f e c t i v e n e s s  
of t h e  a b d o m i n a l  co ld  p a c k ,  t h e  r u b e f a c i e n t  low b a c k  h o t  p a c k ,  w a lk in g ,  
and  su p in e  r e s t  a s  r e c u p e r a t i v e  a g e n t s  f r o m  f a t ig u e  in d u c e d  by a 
s t r e n u o u s  t r e a d m i l l  w o r k  bou t .  S e co n d ly ,  t h i s  s tu d y  s o u g h t  to a n a l y z e  
th e  h e a r t  r a t e  r e c o v e r y  p a t t e r n s  o v e r  a  f i f t e e n  m i n u t e  p e r i o d  fo l low ing  
th e  f o u r  e x p e r i m e n t a l  c o n d i t i o n s .
T h e  s u b j e c t s  in  t h i s  s tu d y  w e r e  tw e lv e  m a l e  s tu d e n t s  r a n g in g  in  a g e  
f r o m  e i g h t e e n  to tw e n ty  y e a r s  f r o m  S o u t h e r n  U n i v e r s i t y  i n  N ew  O r l e a n s ,  
New O r l e a n s ,  L o u i s i a n a .  T h e  d a ta  w e r e  c o l l e c t e d  d u r in g  the  f a l l  s e m e s t e r ,  
1970, a t  S o u t h e r n  U n i v e r s i t y  in  New O r l e a n s .  E a c h  s u b j e c t  p a r t i c i p a t e d  in  
e a c h  of t h e  f o u r  t r e a t m e n t s .
P r i o r  to s e l e c t i o n  a s  a  s u b j e c t  e a c h  s tu d e n t  u n d e r w e n t  a  p r e l i m i n a r y  
t r a i n i n g  an d  t e s t i n g  p e r i o d .  The  s u b j e c t s  w e r e  a s s i g n e d  to  fo u r  g r o u p s  
fo r  t h e  p u r p o s e  of c o u n t e r b a l a n c i n g  th e  p r a c t i c e  o r d e r  i n  a n  a t t e m p t  to 
a s s u r e  c o m p a r a b l e  t e s t i n g  c o n d i t i o n s  f o r  e a c h  t r e a t m e n t .  A l l  tw e lv e  
s u b j e c t s  r e c e i v e d  a l l  f o u r  t r e a t m e n t s .
U pon  a r r i v a l  i n  the  l a b o r a t o r y  e a c h  s u b j e c t  w a s  a s k e d  to  l i e  on a
m a s s a g e  t a b l e .  F o l lo w in g  p r o p e r  p r e p a r a t i o n ,  th e  c a r d i o t a c h o m e t e r
e l e c t r o d e s  w e r e  a t t a c h e d  to  the  s u b j e c t .  E a c h  s u b j e c t  r e m a i n e d  ly ing
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ill a  sup ine  p o s i t i o n  fo r  f ive  m i n u t e s  in  o r d e r  to g e t  a  f a i r l y  s t a b l e  
r e s t i n g  h e a r t  r a t e .  T h e  s u b je c t  t h e n  s tood  on the  s id e  p l a t f o r m  of the 
t r e a d m i l l  h o ld in g  on to b o th  hand  r a i l s  un t i l  the c o m m a n d  w a s  g iv en  to 
swing h i s  f e e t  o v e r  the  t r e a d m i l l  and l o w e r  t h e m  to  the runn ing  s u r f a c e .  
E a c h  s u b je c t  r a n  on th e  t r e a d m i l l  a t  th e  sp e ed  of e igh t  m i l e s  p e r  h o u r  
w i th  10 p e r  c e n t  e l e v a t i o n  u n t i l  h i s  h e a r t  r a t e  r e a c h e d  180 b e a t s  p e r  
m in u te .  T h e  Q u in to n  M o d e l  Q l - 6 0 9  E x e r c i s e  C a r d i o t a c h o m e t e r  w a s  u s e d  
to m o n i t o r  the h e a r t  r a t e s .  At the  b eg inn ing  of e a c h  t r e a d m i l l  w o r k  bou t  
a s top  w a t c h  w a s  s t a r t e d  w h e n  the  s u b j e c t  lo w e r e d  h i s  f e e t  to  the  runn ing  
s u r f a c e ,  and  w a s  s to p p e d  w h e n  the  h e a r t  r a t e  had  r e a c h e d  180 b e a t s  p e r  
m in u te .  A n o t h e r  s top  w a t c h  w a s  i m m e d i a t e l y  s t a r t e d  to t i m e  th e  r e c o v e r y  
p e r i o d .  F o r  the abdom inaL cold p a c k ,  r u b e f a c i e n t  ho t  p a c k  an d  sup ine  
r e s t  t r e a t m e n t s ,  the s u b j e c t s  w e r e  a d m i n i s t e r e d  the  t r e a t m e n t s  and m a d e  
to l ie  in  a  sup ine  p o s i t i o n  d u r in g  the  r e c u p e r a t i o n  p e r i o d .  In  the  w alk ing  
t r e a t m e n t ,  the  s u b je c t  w a s  a s k e d  to g e t  b a c k  on  the  t r e a d m i l l  an d  w a lk  
a t  a  s p ee d  of two m i l e s  p e r  h o u r  a t  z e r o  e l e v a t io n .  H e a r t  r a t e s  w e r e  
r e c o r d e d  e a c h  m in u te  f o r  th e  f i f t e en  m i n u t e s  b e t w e e n  e x e r c i s e  b o u t s .
A t  the  c o n c l u s io n  of the  f i r s t  f i f t e e n  m in u te  r e c o v e r y  p e r i o d  e a ch  
s u b je c t  once  a g a i n  r a n  on the  t r e a d m i l l  un t i l  the 180 b e a t s  p e r  m in u te  
h e a r t  r a t e  w a s  r e a c h e d .  T he  p r o c e d u r e  fo r  the  s e c o n d  t r e a d m i l l  bou t  
and  r e c o v e r y  p e r i o d  t r e a t m e n t s  w e r e  the  s a m e  as  f o r  the f i r s t .  The 
l e n g th  of t i m e  in  s e c o n d s  r e q u i r e d  to r e a c h  a h e a r t  r a t e  of 180 b e a t s  
p e r  m i n u t e  d u r in g  the s e c o n d  t r e a d m i l l  b ou t  w a s  u s e d  a s  the c r i t e r i o n
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m e a s u r e  fo r  c o m p a r i n g  the  e f f e c t i v e n e s s  of the  fo u r  t r e a t m e n t s  a s  r e c u p e r ­
a t i v e  ag e n t s  a f t e r  f a t ig u e  p r o d u c e d  by  a s h o r t  bou t  of s t r e n u o u s  e x e r c i s e .
T h e  h e a r t  r a t e s  r e c o r d e d  e a c h  m in u te  d u r in g  the  f i f t e e n  m i n u t e s  fo l lowing  
e a c h  t r e a d m i l l  w o r k  bout  w e r e  u s e d  to  a n a l y z e  the  h e a r t  r a t e  r e c o v e r y  
p a t t e r n .
C o v a r i a n c e  a n a l y s i s  of  t i m e  r e q u i r e d  fo r  th e  s e co n d  t r e a d m i l l  b ou t  
a d j u s t e d  f o r  t i m e  r e q u i r e d  f o r  the f i r s t  t r e a d m i l l  bou t  w as  e m p lo y e d  in  
the  a n a l y s i s  of the  d a ta .  S im p le  l i n e a r  r e g r e s s i o n  of h e a r t  b e a t  on t im e  
and  log h e a r t  b e a t  on log t im e  c a l c u l a t e d  fp r  e a c h  s u b je c t  d u r in g  r e c o v e r y  
on e a c h  t r e a t m e n t  w as  a l s o  u t i l i z e d  to s tudy  the  r e c o v e r y  h e a r t  r a t e  p a t t e r n s .  
A n a l y s i s  o f . v a r i a n c e  w a s  t h e n  u s e d  to  c o m p a r e  th e  r e c o v e r y  p a t t e r n s  f o l ­
lowing the fo u r  t r e a t m e n t s .
II. FINDINGS
The  f ind ings  of  t h i s  s tu d y  w e r e  a s  fo l low s :
1. A s ig n i f i c a n t  d i f f e r e n c e  i n  th e  t i m e  r e q u i r e d  f o r  the s u b j e c t s '  h e a r t  
r a t e s  to r e a c h  180 b e a t s  p e r  m i n u t e  in  the  s e c o n d  w o r k  bou t  w a s  found 
to e x i s t  w hen  the  r u b e f a c i e n t  low b a c k  h o t  p a c k  and  the a b d o m i n a l  cold  
p a c k  t r e a t m e n t s  w e r e  c o m p a r e d  w i th  the  su p in e  r e s t  and w a lk in g  t r e a t ­
m e n t s  in  f a v o r  of the  r u b e f a c i e n t  low b a c k  h o t  p a c k  and the abdominaL 
cold  p a c k  t r e a t m e n t s .  Th is  in d i c a t e d  th a t  the  a p p l i c a t i o n  of h e a t  o r  
i c e  fo l low ing  the f i r s t  w o r k  bout  e n a b le d  the  s u b je c t s  to r u n  l o n g e r  in  
the  s ec o n d  w o r k  bou t  b e f o r e  a h e a r t  r a t e  of 180 b e a t s  p e r  m in u te  w a s  
r e a c h e d .
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2 . No s ig n i f i c a n t  d i f f e r e n c e  w a s  found b e t w e e n  th e  e f f e c t i v e n e s s  of sup ine  
r e s t  and  w a lk in g  a s  r e c u p e r a t i v e  a g e n t s  f o r  r e c o v e r y  a f t e r  a  s h o r t  
s t r e n u o u s  b o u t  of  e x e r c i s e .
3. No s i g n i f i c a n t  d i f f e r e n c e  w a s  found  b e t w e e n  th e  e f f e c t i v e n e s s  of the  
r u b e f a c i e n t  low b a c k  ho t  p a c k  a n d  the a b d o m i n a l  co ld  p a c k  a s  r e c u p e r ­
a t i v e  a g e n t s  f o r  r e c o v e r y  a f t e r  a s h o r t  s t r e n u o u s  b o u t  of e x e r c i s e .
4. A s i g n i f i c a n t  d i f f e r e n c e  w a s  found  a m o n g  the  fo u r  t r e a t m e n t s  in  the  
r a t e  of r e c o v e r y .  The  h e a r t  r a t e  fo r  the  c o n d i t i o n  in  w h i c h  th e  s u b j e c t s  
w a l k e d  b e t w e e n  th e  f i r s t  and s e c o n d  w o r k  b o u t s  w a s  h i g h e s t  i m m e d i a t e l y  
a f t e r  t h e  w o r k  b o u t s  an d  r e m a i n e d  c o n s i s t e n t l y  h i g h e r  t h ro u g h o u t  the 
r e c o v e r y  p e r i o d  t h a n  the  h e a r t  r a t e  fo r  th e  o t h e r  t h r e e  t r e a t m e n t s .
III. DISCUSSION O F  FINDINGS
T h e  d e s i g n  of  th e  s tu d y  w h i c h  u t i l i z e d  r e p e a t e d  t r e a t m e n t s  on the 
s a m e  s u b j e c t s  w a s  i n t e n d e d  to c o n t r o l  b a s e  l e v e l  d i f f e r e n c e s  in  th e  f i r s t  
e x e r c i s e  b o u t s .  T h e r e f o r e  the  s ig n i f i c a n t  d i f f e r e n c e  found in  the  n u m b e r -  
of s e c o n d s  r e q u i r e d  f o r  t h e  h e a r t  r a t e  to r e a c h  180 b e a t s  p e r  m i n u t e  in  the  
i n i t i a l  t r e a d m i l l  w o r k  b o u ts  p r e c e d i n g  the  t r e a t m e n t s  w a s  u n e x p e c t e d .  The  
t r e a t m e n t s  did no t  a f f e c t  the  i n i t i a l  b o u ts  b e c a u s e  th e y  w e r e  no t  a d m i n i s t e r e d  
u n t i l  a f t e r w a r d s .
T h e  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  found to  e x i s t  w h e n  the  r u b e f a c i e n t  
h o t  p a c k  an d  the  a b d o m i n a l  co ld  p a c k  w e r e  c o m p a r e d  w i th  su p in e  r e s t  and  
w a lk in g  i n d i c a t e d  t h a t  the  u s e  o f  e i t h e r  the  r u b e f a c i e n t  low b a c k  h o t  p a c k
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o r  th e  a b d o m in a l  co ld  p a c k  w a s  s u p e r i o r  to  the  u s e  of s u p in e  r e s t  o r  
w a lk in g  fo r  r e c o v e r y  a f t e r  a s h o r t  s t r e n u o u s  bou t  of e x e r c i s e .
The f ind ings  of th i s  s tudy  in d i c a t e d  tha t  t h e r e  w as  no d i f f e r e n c e  in  
the  e f f e c t i v e n e s s  of w alk ing  and su p in e  r e s t  a s  a i d s  to r e c o v e r y  a f t e r  a  
s h o r t  s t r e n u o u s  bou t  of e x e r c i s e .  T h is  does  no t  s u p p o r t  th e  p o p u la r  
p r a c t i c e  of i n s t r u c t i n g  in d iv id u a l s  to w a l k  r a t h e r  t h a n  l ie  down an d  r e s t  
a f t e r  a s h o r t  s t r e n u o u s  bou t  of e x e r c i s e .  It  m i g h t  a l s o  be  s ig n i f i c a n t  to 
note t h a t  i n  th i s  s tudy ,  u s in g  the leng th  of  t i m e  of th e  s e c o n d  bout  as  a  
c r i t e r i o n  fo r  the a m o u n t  of r e c o v e r y ,  w a lk in g  w a s  the l e a s t  e f fe c t iv e .
T h e  n o n - s i g n i f i c a n t  d i f f e r e n c e  found b e t w e e n  the e f f e c t i v e n e s s  of 
the r u b e f a c i e n t  low b a c k  h o t  p a c k  and th e  a b d o m i n a l  cold  p a c k  as  r e c u p e r ­
a t iv e  a g en t s  on r e c o v e r y  a f t e r  a s t r e n u o u s  b o u t  of e x e r c i s e  w a s  i n t e r ­
p r e t e d  to m e a n  th a t  bo th  t r e a t m e n t s  w e r e  e q u a l ly  e f fec t iv e  in a id ing  
r e c o v e r y  a f t e r  a  s h o r t  s t r e n u o u s  b o u t  of e x e r c i s e .
In the a n a l y s i s  of th e  r e c o v e r y  p a t t e r n s ,  th e  e x i s t e n c e  of a s i g n i ­
f i c a n t  d i f f e r e n c e  in  the  y  i n t e r c e p t  a m o n g  the  fo u r  t r e a t m e n t s  w as  to be 
e x p e c t e d  a s  t h r e e  of  the  t r e a t m e n t s  in v o lv e d  th e  s u b j e c t s  b e in g  in  a  sup ine  
p o s i t i o n  and the  o t h e r  u s e d  a s tan d in g  p o s i t i o n .  T h e  n o r m a l  h e a r t  r a t e  
fo r  th e  s tand ing  p o s i t i o n  i s  h ig h e r  than  that f o r  the  sup ine  p o s i t i o n .  ^
T h i s  coupled  w i th  the  f a c t  t h a t  e x e r c i s e  o r  m o v e m e n t  a l s o  i n c r e a s e s
^ P e t e r  V. K a r p o v ic h  and W ayne  E .  S inning.  P h y s i o l o g y  of M u s c u l a r  
A c t i v i t y , 7th  ed. , ( P h i l a d e lp h ia :  W. B. S a u n d e r s  C om pany ,  1971)^ p. 199.
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h e a r t  r a t e  p e r h a p s  e x p la in s  why the m e a n  h e a r t  r a t e  fo r  the  w a lk ing  
t r e a t m e n t  w a s  s ig n i f i c a n t ly  h i g h e r  th ro u g h o u t  the  r e c o v e r y  p e r i o d .
The s ig n i f i c a n t  d i f f e r e n c e  found in  the  r e c o v e r y  h e a r t  r a t e  p a t t e r n  
fo l lowing  the  fo u r  t r e a t m e n t s  p r o b a b ly  c a n  be a t t r i b u t e d  to the  s a m e  
r e a s o n s .  The  h e a r t  r a t e  fo r  the  w a lk in g  t r e a t m e n t  r e m a i n e d  c o n s i s t e n t l y  
h i g h e r  than  the o t h e r  t h r e e  t r e a t m e n t s  d u r in g  the  f i f t e e n  m i n u t e  r e c o v e r y  
p e r i o d .  T h e  d i f f e r e n c e  w a s  even  m o r e  p r o n o u n c e d  a t  t h e  end of the  r e ­
c o v e r y  p e r i o d  t h a n  a t  the  f i r s t .  Th is  c a s t s  f u r t h e r  doubts  a s  to the  
e f f i c i e n c y  of the u s e  of a  s low  w a lk  i n  r e c o v e r y  fo l lowing  s t r e n u o u s  
e x e r c i s e ,
IV. CONCLUSIONS
W ith in  the  l i m i t s  of th i s  s tudy,  th e  fo l lowing  c o n c l u s io n s  w e r e  d raw n :
1. The r u b e f a c i e n t  low b a c k  h o t  p a c k  and  the a b d o m in a l  cold  p a c k  
a r e  e q u a l ly  e f f e c t iv e  a s  r e c u p e r a t i v e  a g e n t s  fo r  r e c o v e r y  a f t e r  
a s h o r t  bou t  of s t r e n u o u s  e x e r c i s e .  Both  a p p e a r  to be  a  m o r e  
e f fe c t iv e  r e c o v e r y ,  t r e a t m e n t  a f t e r  a s h o r t  s t r e n u o u s  bou t  of 
e x e r c i s e  th a n  r e s t  o r  w a lk ing .
2. Lying  down a f t e r  e x e r c i s e ,  w h e t h e r  u s in g  h e a t  o r  cold  o r  j u s t  
r e s t i n g  r e s u l t s  in  s i m i l a r  h e a r t  r a t e  r e c o v e r y  p a t t e r n s  w h ich  
a r e  m o r e  b e n e f i c i a l  than  w a lk in g  w i th  r e g a r d  to the  s p e e d  of 
r e c o v e r y .
3. A p p a r e n t l y  the  a m o u n t  of e x e r c i s e  r e q u i r e d  to p r o d u c e  a
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s t a t e  of  e x h a u s t io n  in  in d iv id u a ls  d i f f e r s  from, d ay  to day.
4. The  h e a r t  r a t e  r e c o v e r y  p a t t e r n s  fo l lowing  a  s e c o n d  t r e a d m i l l  
w o r k  bou t  d i f f e r s  f r o m  the p a t t e r n s  e s t a b l i s h e d  a f t e r  the  f i r s t  
w o r k  bou t  in  th a t  the h e a r t  r a t e  d e c l e r a t e s  f a s t e r  fo l lowing  the 
s e c o n d  w o r k  bout .
V. RECOM M ENDATIONS
On the  b a s i s  of the f ind ings  ob ta in ed  in  th is  s tudy ,  the fol lowing 
r e c o m m e n d a t i o n  w a s  m a d e :
A s i m i l a r  s tudy  shou ld  be  c o n d u c te d  u s in g  a d d i t io n a l  p h y s io lo g ic a l  
p a r a m e t e r s  and  the a d d i t io n  of one o r  m o r e  w o r k  b o u t s .
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A P P E N D I X
ORIGINAL DATA 
S u b je c t  No. 1
A g e  19 H e ig h t  5* 1111 W e ig h t 131 G roup  No. 2
T r e a t m e n t  h o t  p a c k  T r e a t m e n t  w a lk ing
T i m e to r e a c h  180 T i m e  to r e a c h  180
B outs Bouts
1s t . 108 s e c . 2nd 89 sec . 1st. 90 s e c . 2 nd 73 se
H e a r t  Ra te H e a r t  Rate
M in u te s M in u te s M in u te s M in u te s
1. 136 1. 120 1. 153 1. 142
2 . 102 2 . 93 2 . 133 2 . 120
3. 94 3. 84 3. 117 3. 112
4. 91 4. 84 4. 110 4. 110
5. 94 5. 82 5. 108 5. 107
6, 94 6. 83 6. 108 6 . 100
7. 92 7. 84 7. 104 7. 106
8. 94 8. 83 8 . 105 8 . 106
9. 91 9. 87 9. 109 9. 106
10. 94 10. 85 10. 109 , 10 . 107
11 . 91 11. 84 11. 110 11. 109
12. 92 12. 88 12. 104 12 . 106
13. 98 13. 82 13. 123 13. 105
14. 87 14. 82 14. 123 14. 108
15, 86 15. 81 15. 118 15. 105
S u b je c t  N o, _1_
c o n t ’d
T r e a t m e n t i c e  p a c k  
T i m e  to r e a c h  180 
B ou ts
T r e a t m e n t r e s t
T i m e  to r e a c h  180 
B o u ts
1s t , 90 s e c . 2nd 79 s e c . 1s t . 106 s e c . 2nd 81
H e a r t  R a te s H e a r t  R a te s
M in u te s M in u te s M in u te s M in u te s
1. 118 1. 116 1 . 123 1. 118
2 . 108 2 . 88 2 . 94 2 . 92
3. 91 3. . 83 3. 92 3. 90
4. 93 4. 78 4. 85 4. 85
5. 92 5. 75 5. 94 5. 84
6 . 84 6 * 75 6 . 91 6 . 83
7. 83 7. 78 7. 94 7. 86
8 . 77 8 . 78 8 . 91 8 . 86
9. 74 9. 79 9. 91 9. 88
10. 72 10 . 77 10 . 92 10. 83
11. .78 11. 78 11 . 92 U . 83
12. 77 12. 76 12 . 86 12. 80
13. 74 13. 74 13. 83 13. 81
14. 74 14. 72 14. 81 14. 79
15. 72 15. 72 15. 77 15. 77
s e c .
5 6
S u b j e c t  No. _2
A g e  18 H e ig h t  6 ' 1 / 2 "  W e ig h t  161 G r o u p  No.  2
T r e a t m e n t h o t  p a c k ______
T i m e  to r e a q h  180 
B o u t s
1 s t .  75 s e c .  2 n d 73 s e c .
H e a r t  R a t e s
M in u te s M in u t e s
1 . 137 1 . 131
2 . 100 2 . 110
' 3. 94 3. 105
4. 94 4. 96
5. 86 5. 98
6 . 93 6 . 102
7. 93 7. 108
8 . 93 8. 98
9. ■ 91 9. 100
1 0 . 88 10. 102
11 . 93 11. 98
12. 92 1 2 . 98
13. 93 13. 98
14. 86 14. 96
15. 89 15. 96
T r e a t m e n t w a lk in g ________
T i m e  to r e a c h  180 
B o u t s
1s t .  68 s e c .  2nd 63 s e c .
H e a r t  R a t e s  
M in u t e s  M in u t e s
1 . 147 1. 144
2 . 140 2 . 132
3. 137 3. 130
4. 127 4. 123
5. 127 5. 118
6 . 126 6 . 121
7. 127 7. 118
8 . 121 8 . 120
9. 123 . 9. 122
10. 119 10. 117
11. 119 11 . 119
12. 119 12. 116
13. 121 13. 115
14. 120 14. 115
15. 115 15. 116
5 7
S u b je c t  No. 2
c o n t ’d “
T r e a t m e n t i c e  pack T r e a t m e n t  r e s t
T i m e  to r e a c h  180 
Bouts
T i m e  to r e a c h  180 
B ou ts
1st, 85 s e c . 2nd 70 s e c . 1s t .  89 s e c . 2nd 69
H e a r t  Hates H e a r t  R a te s
M in u te s M in u te  s M in u te s M in u te s
1. 120 1. 126 1. 136 1. 132
2 . 111 2 . 119 2 . 110 2 . 114
3. 106 3. 104 3. 107 3. 108
4. 98 4. 109 4. 102 4. 100
5. 100 5. 105 5. 101 5. 100
6 . 101 6 . 104 6 . 101 6 . 102
7. 99 7. 101 7. 98 7. 98
8 . 101 8. 100 8 . 104 8. 98
9. 101 9. 100 9. 99 9. 100
10. 104 10. 98 10. 101 10. 95
11. 106 11. 97 11. 97 11. 92
12. 105 12. 94 12. 97 12 . 89
13. 103 13. 91 13. 95 13. 89
14. 101 14. 94 14. 98 14. 93
15. 99 15. 96 15. 93 15. 91
5 8
‘ Subjec
A g e  20 H e ig h t 5* 1 1 11
T r e a t m e a t ho t  p a c k  
T i m e  to r e a c h  180 
B ou ts
1s t .  71 s e c .  2nd 65 s e c .
H e a r t  R a te s  
M in u te s  M in u te s
1. 145 1. 145
2 m 124 2 . 122
3. 112 3. 109
4. 101 4. 102
5. 99 . 5* 98
6 . 95 6 . 96
T. 95 7. 96
8. 90 8 . 94
9. 94 9. 90
10. 89 10. 91
11. 87 11 . 90
12. 86 12. 86
13. 87 13. 88
14. 83 14. 86
15. 85 15. 84
; No. _3
W eigh t 175 Group N o .__ 2
T r e a t m e n t w a lk ing  
T i m e  to r e a c h  180 
B ou ts
1st,. 102 s e c . 2nd 60
H e a r t  R a te s
M in u te s M inu tes
1. 163 1. 153
2 . 142 2 . 131
3. 131 3. 124
4. 124 4. 117
5. 120 5. 113
6 . 117 6 . 111
7. 114 7. 112
8 . 113 8 . 111
9. 111 9. 109
10 . 110 10. 109
11. 107 11. 110
12. 110 12. 108
13. 107 13. 107
14. 106 i—1 106
15. 100 15. 106
5 9
Subject  No.  _3
cont'd
T r e a t m e n t i c e  p a c k  
T i m e  to r e a c h  180 
B o u t s
T r e a t m e n t r e s t
T i m e  to r e a c h  180 
B o u t s
1s t . 75 s e c .  2 nd 72 s e c . 1s t . 88 s e c . 2 nd 69 s e c
Pie a r t  R a t e s H e a r t  R a t e s
M in u t e s M in u te s M in u t e s M in u te s
1 . 146 1 . 138 1 . 127 1. 138
2 . 120 2 . 122 2 . 113 2 . 123
3. 107 3. 112 3. 100 3. 113
4. 106 4. 105 4. 94 4. 102
5. 104 5. 102 5. 94 5. 97
6 . 99 6 . 100 6 . 96 6 . 98
7. 97 7. 98 7. 94 7. 94
8 , 96 8. 96 8, 92 8 . 95
9. 92 9. 94 9. 92 9. 93
1 0 . 91 10. 93 10. 89 . 10 . 93
11. 89 11. 92 11. 88
its .
1 1 . 91
12 . 90 12 . 93 12 . 91 12 . 93
13. 89 13. 90 13. 91 13. 88
14. 88 14. 90 1 4 - 88 14. 88
15. 86 15. 88 15. 88 15. 90
6 0
Subject  No. 4
Age! 19 H e i g h t s ' l l " W eig h t 158 G roup  No. 3
T r e a t m e n t  r e s t T r e a t m e n t  ho t  pack
T i m e  to r e a c h 180 T im e  to r e a c h  180
B outs B ou ts
1st., 96 s e c . 2 nd 73 s e c . 1s t . 106 s e c . 2nd 61
H e a r t  R a te s H e a r t  R a te s
M in u te s M in u te s M in u te s M in u te s
1. 139 1. 140 1. 153 1 . 136
2 . 120 2 . 122 2 . 129 2 . 116
3. 110 3. 112 3. 114 3. 110
4. 108 4. 108 4. 107 4. 104
5. 112 5. 105 5. 104 5. 101
6 . 103 6 . 103 6 . 106 6 . 99
7. 105 7. 98 7. 103 7. 103
8. 105 8 . 100 8 . 106 8 . 100
9. 100 9. 97 9. 104 9. 99
10. 96 10. 98 10. 101 10 . 100
11. 94 11. 96 11. 103 11 . 99
12. 92 12 . 98 12. 101 12. 98
13. 91 13. 97 13. 106 13. 98
14. 92 _ _  i 4 - 94- 14. 98 14. 96
15. 91 15. 94 15. ‘95 15. 96
Subject  No. 4
cont'd
T r e a t m e n t w alk ing_______  T r e a tm e n t  i c e  p a c k
T i m e t o  r e a c h  180 T i m e  to r e a c h  180
B o u ts  B o u t s
1st,- 92 s e c .  2nd 45 s e c .  1s t . 72 s e c . 2nd 64
H e a r t  R a t e s H e a r t  R a t e s
M in u te s M in u t e s M in u t e s M in u t e s
1. 154 1. 143 1. 141 1. 135
2 . 137 2 . 132 2 . 115 2 . 115
3. 130 3. 130 3. 107 3. 109
4. 128 4. 121 4. 106 4. 106
5. 124 5. 126 5. 98 5. 105
6 . 125 6 . 117 6 . 97 6 . 111
7. 128 7. 120 7. 97 7. 101
8 . 122 8 . 116 8 . 93 8 . 104
9. 126 9. 125 9. 92 9. 100
10. 127 10. 118 10. 91 10. 99
11. 125 1 1 . 118 11. 90 1 1 . 98
12. 121 12. 116 12. 88 1 2 . 114
13. 120 13. 116 13. 84 13. 94
14. 121 14. 117 14. 85 14. 96
15. 124 15. 118 15. 82 15. 93
s e c .
6.2
Subject  No. 5
A ge  19 H eight S' lO11 W eight 147 Group No. 3
T r e a t m e n t r e s t ______  T r e a t m e n t ho t  p a c k _____
T im e  to r e a c h  180 T im e  to r e a c h  180
B ou ts  B ou ts
1st,. 72 s e c .  2 nd 49 s e c . 1s t .  72 s e c .  2nd 50
H e a r t  R a te s H e a r t  R a te s
M in u te s M in u te s M in u te s M inute :
1. 123 1. 112 1. 142 1. 112
2 . 112 2 . 105 2 . 109 2 . 100
3. 104 3. 110 3. 103 3. 102
4, 101 4. 102 4« 101 4. 100
5. 99 5. 100 5. 91 5. 97
6 . 104 6 . 98 6 . 89 6 . 98
7. 99 7. 98 7. 86 7. 91
8 . 98 8 . 97 8 . 88 8 - 89
9. 96 9. 95 9. 87 9. 88
10. 97 10. 96 10. 88 10 . 88
11. 94 11. 90 11. . 87. 11 . 87
12. 95 12. 88 12. 86 12 . 85
13. 91 13. 87 13. 86 13. 89
14. 92 14. 85 14. 84 14. 84
15. 90 15. 85 15. .83 15. 85
63
Subject  No.
cont'd
T r e a t m e n t  w a lk in g  
T i m e  to r e a c h  180 
B o u ts  
1s t .  62 s e c . 2nd 22 s e c .
T r e a t m e n t i c e  p a c k  
T i m e  to r e a c h  180 
B o u t s  
1 s t .  73 s e c . 2nd 62
H e a r t  R a t e s H e a r t  R a t e s
M in u te s M in u t e s M in u t e s M in u te s
1. 125 1. 125 1. 138 1. 119
2. 118 2. 114 2. 122 2. 109
3. 1 1 8 3. 106 3. 109 3. 110
A* 119 4. 110 4. 109 4. 96
5. 117 5. 109 5. 101 5. 89
6. 117 6. 112 6. 96 6. 88
7. 118 7. 110 7. 95 7. 91
8. 119 8. 107 8. 93 8. 87
9. 118 9. 109 9. 96 9. 90
10. 117 10. 107 10. 96 10. 88
11. 115 11. 105 11. 92 11. 88
12. 116 12. 106 12. 90 12. 91
13. 117 13. 105 13. 90 13. 90
14i 120 14. 110 14. 88 14. 86
15. 120 15. 108 15. 91 15. 84
s e c .
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Subject  No. 6
cont'd
A ge  19 Height  S ^ 11 Weight 150 Group No. 3
T r e a t m e n t  r e s t
T i m e  to r e a c h  180 
B ou ts
1s t .  94 s e c .  2 n d 55 s e c .
H e a r t  R a te s  
M in u te s  M in u te s
T r e a t m e n t h o t  p a c k  
T i m e  to r e a c h  180 
B ou ts  
1 s t .  63 s e c .
H e a r t  R a t e s 
M in u te s
2nd 67. s e c .
Minutes
1. 137 1. 129 1. 141 1. 134
2 . 120 2 . 112 2 . 122 2 . 112
3. 115 3. 105 3. 109 3. 105
4. 111 4. 97 4. 106 4. 98
5. 105 5. 93 5. 101 5. 95
6 . ■• 103 6* 93 6 . 98 6 . 90
7. 100 7. 92 7. 100 7. 94
8 . 100 8. 90 8 . 98 8 . 90
9. 98 9. 92 9. 100 9. 89
10. 96 10. 90 10. 97 10. 87
11. 93 11. 91 U . 100 11. 85
12. 93 12. 90 12 . 99 12. 96
13. 92 13. 89 13. 96 13. 87
14. 91 14. 90 14. 90 14. 84
15. 90 15. 89 15. 88 15. 82
Subject  N a  6
cont'd
T reatm en t  walking
T i m e  to r e a c h  180 
B ou ts
1s t .  74 s e c .  2nd 39 s e c .
T r e a t m e n t i c e  p a c k  
T im e  to r e a c h  180 
Bouts
1 s t .  78 s e c .  2nd 69
H e a r t  R a te s H e a r t  R a te s
M in u te s M in u te  s M in u te s M in u te s
1. 155 1. 142 1. 126 1. 131
2 . 140 2 . 130 2 . 102 2 . 105
3. 130 3. 122 3. 92 3. 93
4. 129 4. 126 4. 91 4. 88
5. 127 5. 123 5. 80 5. 88
6 . 127 6 . 122 6 . 83 6 . 87
7. 127 7. 120 7. 89 7. 86
8 . 123 8 . 122 8 . 89 8 . 84
9. 125 9. 116 9. 87 9. 84
10. 123 10. 119 10. 81 10. 84
11. 121 11. 118 11. 84 11. 85
12. 120 12. 117 12. 79 12. 80
13. 122 13. 115 13. 77 13. 80
14. 121 14. 117 14. 74 14. 80
15. 118 15. 116 15. 74 15. 79
6 5
s e c .
66
A g e ^ 2 0
Subject
H eigh tS ’S11
T r e a t m e n t w a lk ing_____
T im e  to r e a c h  180 
Bouts
1s t .  80 s e c .  2nd 66 sec ,
M in u te s
No. 1_
W eight 130 Group No.
T r e a t m e n t i c e  p a c k _____
T i m e  to r e a c h  180 
B ou ts
1s t .  80 s e c .  2nd 85
H e a r t  R a te s H e a r t  R a te s
M in u te s M in u te s M in u te s
1. 151 1. 149 1. 121 1. 118
2 . 138 2 . 134 2 . 103 2 . 114
3. 126 3. 124 3. 95 3. 102
4. 120 4. 118 4. 95 4* 99
5. 117 5. 114 5. 95 5. 97
6 . 117 6 . 109 6 . 91 6 . 98
7. 113 7. 108 7. 89 7. 97
8 . 117 8 . 109 8 . 87 8. 96
9. 113 9. 107 9. 85 9. 95
10 . 112 10. 108 10. 85 10. 95
11. 110 11. 107 11. 80 11. 91
12. . 108 12. 107 12. 80 12. 90
13. 107 13. 106 13. 80 13. 92
14. 109 14. 106 14. 80 14. 91
15. 103 15. 106 15. 80 15. 90
4
s e c .
67
Subject No.  7
c o n t 'd
T r e a t m e n t r e s t _____________
T im e  to r e a c h  180 
B ou ts
1s t .  70 s e c .  2nd 46 s e c .
H e a r t  R a te s  
M in u te s  M in u te s
1. 130 1- 120
2 . 111 2 . 112
3. 87 3. 91
4. 89 4. 90
5. 82 5. 88
6 . 85 6. 91
7. 88 7. 92
8 . 91 8 . 83
9. 88 9. 91
10. 91 10. 90
11. 90 11. 91
12. 88 12. 90
13. 90 13. 84
14. 91 14. 89
15. 89 15. 87
T r e a t m e n t  h o t  p a c k
T i m e  to r e a c h  180 
B ou ts
1s t . 100 s e c . 2 nd 86
H e a r t R a te s
M in u te s Minutes
1 . 145 1 . 141
2 . 118 2 . 117
3. 108 3. 108
4. 101 4. 105
5. 100 5. 103
6 . 99 6 . 102
7. 99 7. 101
8. 96 8 . 101
9. 98 9. 98
10 . 98 10. 102
11. 93 11. 98
12. 93 12 . 98
13. 92 13. 98
14. 96 14. 93
15. 89 15. 93
s e c .
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Subject  No,  j?
A g e  20 H e ig h t 6 ' l 11 W eig h t 156 Group No.  4
T r e a t m e n t w a lk in g  T r e a t m e n t  i c e  p a c k
T i m e  to r e a c h  180 T i m e  to r e a c h  180
B o u ts  B o u t s
1st.. 89 s e c .  2 nd 102 s e c . 1s t , 100 s e c .  2nd 75
H e a r t  R a te s H e a r t  R a t e s
M i n u t e s M in u te s M i n u t e s M in u te s
1. 151 1. 155 1. 150 1. 141
2 . 126 2 . 133 2 . 124 2 . 123
3. 116 3. 126 3. 107 3. 105
4. 116 4* 119 A -*■ » 104 4. 102
5. 115 5. 118 5. 97 5. 97
6 . 114 6 . 117 6 . 96 6 . 98
7. 113 7. 116 7. 96 7. 97
S. 111 8 . 117 8 . 98 8 . 97
9. 112 9. 117 9. 96 9. 97
10. 113 10. 117 10. 95 10 . 94
11. 115 11. 118 U . 93 11 . 92
12. 115 12. 120 12. 89 1 2 . 95
13. 113 13.- 119 13. 90 13. 96
14. 117 14. 120 14. 90 14. 94
15. 116 15, 120 15. 89 15. 93
.69
.Subject
c o n t 1
T reatm en t  r e s t
T im e  to r e a c h  180 
Bouts
1st,. 147 s e c . 2 nd 100
H e a r t  R a te s
M in u te s M in u te s
1. 148 1 . 153
2 . 127 2 . 131
3. 121 3. 119
4. 114 4. 111
5. 110 5. 109
6 . 107 6 . 105
7. 106 7. 107
8 . 104 8. 104
9. 98 9. 104
10. 97 10. 105
11. 98 11. 104
12. 95 12. 102
13. 97 13. 100
14. . 96 14. 98
15. 94 15. .97
No. 8 
i  ~
T r e a t m e n t h o t  pack  
T i m e  to r e a c h  180 
Bouts
1s t .  103 s e c .  2nd 89 s e c .
H e a r t  R a te s  
M in u te s  M in u te s
1. 148 1. 146
2 . 122 2 . 120
3. 112 3. 109
4. 103 4. 104
5. 96 5. 100
6 . 94 6 . 98
7. 93 7. 96
8. 89 8 . 96
9. 89 9. 96
10. 88 10. 96
l i . 85 11. 94
12. 83 12. 94
13. 81 13. 95
14. 80 14. 94
15. 80 15. 92
7,0
S ubjec t  No. 9
A g e  20 H eight  5 ' H 11 W eight  164 Group No.
T r e a t m e n t  w a lk in g  T r e a t m e n t  i c e  p a c k
T i m e  to r e a c h  180 T i m e  to r e a c h  180
B o u ts  B o u ts
1st., 77 s e c . 2nd 66 s e c . 1 s t  65 s e c .  2nd 64
H e a r t  R a t e s H e a r t  R a t e s
M in u te s M in u te s M in u t e s M inu tes
1. 137 1. 137 1. 139 i . 138
2 . 133 2 . 130 2 . 120 2 . 116
3. 120 3. 122 3. 112 3. 109
4. 115 4. 114 4* 105 4. 106
5. ■114 5. 114 5. 98 5. 101
6 . 114 6 . 113 6 . ■ 97 6 . 102
7. 116 7. 116 7. 95 7. 101
8 . 113 8. 117 8 . 97 8 . 98
9. 108 9. 117 9. 92 9. 98
10. 109 10. 116 10. 93 1 0 . 96
11. 108 1 1 . 115 11. 90 11. 93
12. - 105 12. 114 12. 90 12. 92
13. 108 13. 115 13. 90 13. 93
14. 108 14. 115 14. 89 14. 91
15. 106 15. 112 15. 88 . 15. 90
4
s e c .
■71
Subject  No. _9
cont'd ~
T r e a t m e n t  r e s t  
T i m e  to r e a c h  180 
Bouts
1st.  74 s e c .  2nd 59
H e a r t  R a te s  
M in u te s  M in u te s
1. 140 1. 139
2 . 129 2 . 112
3. 98 3. 102
4. 96 4. 98
5. 93 5. 95
6. 91 6 . 97
7. 90 7. 91
8 . 91 8 . 90
9. 92 9. 88
10. 92 10. 90
11. 90 11. 90
12. 87 12. 88
13. 87 13. 89
14. 90 14. 87
15. 87 15. 85
T re a tm en t  hot pack
T i m e  to r e a c h  180
B outs
1st. 75 s e c . 2nd 65
H e a r t  R a te s
M in u te s M in u te s
1. 133 1. 127
2 . 110 2 . 112
3. 108 3. 101
4. 95 4. 96
5. 96 5. 90
6 . 92 6 . 92
7. 94 7. 92
8 . 93 8 . 95
9. 92 9. 95
10. 92 10. 92
11. 90 11. 90
12. 88 12 . 90
13. 86 13. ■ 92
14. 83 14. 95
15. 80 15. 92
s e c .
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S u b je c t  No. 10 
/
A g e  19 Height 5 '7 11
T r e a t m e n t  i c e  p a c k
T im e  to r e a c h  180 
B ou ts
1st. ■ 164 s e c . 2nd 122
H e a r t  R a te s
M in u te s M in u te s
1. 124 1. 107
2. 104 2 . 90
3. 103 3. 93
4. 95 4. 94
5. 93 5. 93
6. 94 6 . 91
7. 93 7. 91
8 . 92 8 . 89
9. 94 9. 89
10. 94 10. 90
11. 92 11. 89
12. 91 12 . 90
13. 88 13. 90
14. 89 14. 89
15. 85 15. 89
W eigh t 13 7 Group No. _
T r e a t m e n t r e s t ________
T i m e  to r e a c h  180 
B ou ts
1s t .  153 s e c .  2nd 114
H e a r t  R a te s  
M in u te s  M in u te s
1 . 134 1. 129
2 . 126 2 . 117
3. 118 3. 114
4. 112 4. 107
5. 113 5. 105
6 . 112 6 . 107
7. 112 7. 108
8 . 112 8 . 107
9. 114 9. 102
10. 112 10. 100
11. 112 11. 101
12. 109 12. 101
13. 110 13. 97
14. 110 14. 98
15. 110 15. 98
1
s e c .
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Subject  No. 10
cont'd ~ ~
T reatm en t  hot pack________  T reatm en t  walking
T i m e  to r e a c h  180 T i m e  to r e a c h  180
B o u ts  B ou ts
1s t . 166 s e c .  2nd 126 s e c .  1s t , 75 s e c . 2nd 77
H e a r t  R a te s H e a r t R a te s
M in u te s M in u te s M in u te s M inu tes
1. 118 1. 116 1 . 118 1. 119
2 . 93 2 . 97 2 . 98 2 . 104
3. 93 3. 84 3. 100 3. 99
4. 79 4. 88 4. 94 4. 100
5. 80 5. 87 5. •89 5. 99
6 . 83 6 . 87 6 . 94 6 . 96
7. 80 7. 84 7. 95 7. 91
8 . - 84 8 . 88 8 . 95 8 . 94
9. ' 82 9. 86 9. 91 9. 96
10. 84 10. 86 10. 90 10. 95
U . 81 11. 86 11. 91 11. 96
12. 78 12. 84 12. 89 12. 95
13. 93 13. 93 13. 87 13. 95
14. 78 14. 82 14. 90 14. 92
15. 76 15. 82 15. 90 15. 90
s e c .
I
74
Subject  No.  11
A ge  IS H eigh t  5j?V
T r e a t m e n t i c e  p a c k  
T im e  to r e a c h  180 
B ou ts
W eigh t 159 Group N o .___1_
T r e a t m e n t r e s t ________
T i m e  to r e a c h  180 
B ou ts
1s t 92 s e c . 2nd 65 s e c . I s t. 90 s e c . 2nd 78
H e a r t R a te s
-
H e a r t R a te s
M in u te s Mi n u te s M in u te s M in u te s
1. 132 1. 118 1. 130 1. 126
2 . 106 2 . 102 2 . 112 2 . 104
3. 105 3. 105 3. 102 3. 99
4. 102 4. 101 4. 95 4. 101
5. .105 5. 105 5. 95 5. 97
6 . 96 6 . 100 6 . 97 6 . 97
7. 96 7. 104 7. 99 7. 94
8 . 104 8 . 99 8 . 99 8 . 96
9. 9S 9. 98 9. 96 9. 98
10. 104 10. 98 10. 99 10. 95
11. 92 11. 103 11. 98 11. 98
12. 106 12. 99 12. 103 12. 94
13. 102 13. 97 13. 98 13. 91
14. 97 14. 100 14. 94 14. 90
15. 96 15. 95 15. 91 15. 89 •
75
Subject  No.
cont'd
T r e a tm e n t hot pack________
T i m e  to r e a c h  180 
B ou ts
1st.  103 s e c .  2nd 82 s e c .
H e a r t  R a te s  
M in u te s  M in u te s
1. 124 1. 126
2 . 103 2 . 105
3. 98 3. 99
4. 88 4. 99
5. 92 5. 97
6 . 88 6. 95
7. 97 7. 94
8 . 96 8. 93
9. 91 9. 95
10. 93 10. 93
11. 98 11. 98
12. 96 12. 93
13. 98 13. 94
14. 91 14. 91
15. 98 15. 93
U_
T r ea tm ent walking_______
T i m e  to r e a c h  180 
Bou ts
1st.  70 s e c .  2nd 76 s e c .
H e a r t  R a te s
M in u te s M inute  s
1. 154 1. 140
2. 144 2 * 126
3. 132 3. 123
4. 129 4. 124
5. 123 5. 118
6. 120 6 . 117
7. .120 7. 117
8. 116 8. 118
9. 113 9. 117
10. 112 10. 115
11. 115 11. 114
12. 114 12. 113
13. 115 13. 115
14. 114 14. 114
15. I l l 15. 111
76
A ge 18 Height  S ^ "
T r e a t m e n t i c e  p a c k  
T im e  to r e a c h  180 
B ou ts
Subject No. _L2
_  W eigh t 155 Group No. 1
T r e a t m e n t r e s t _______
T im e  to r e a c h  180 
Bouts
1st. 109 s ec . 2nd 84 s e c . 1s t.  90 s e c . 2nd 78 s e c
H e a r t  R a t e s H e a r t  R a te s
M inu te  s M in u te s M in u te s M in u te s
1. 140 1. 134 1. 130 1. 126
2. 126 2. 121 2. 112 2. 104
3. 116 . 3. 112 3. 102 3. 101
4, 114 4. 105 4. 97 4. 99
5. 107 5. 102 5. 95 5. 97
6. 107 6. 102 6. 97 6. 97
7. 110 7. 100 7. 99 7. 95
8. 107 8. 99 8. 99 8. 94
9. 103 9. 104 9. 96 9. 96
10. 106 10. 104 10. 100 10. 95
11. 100 11. 105 11. . 103 11. 96
12. 102 12. 102 12. 98 12. 94
13. 102 13. 102 13. 98 13. .91
14. 99 14. 99 14. 98 14. 90
15. 99 15. 102 15. . 94 15. 90
77
Subject  No. 12
cont'd
T r e a tm e n t  hot pack
T i m e  to r e a c h  180 
B o u t s
1st.  103 s e c .  2nd 82 s e c .
H e a r t  R a te s  
M in u te s  M in u te s
1. 122 1 . 127
* 105 2. 106
3. 99 3. 100
4. 99 4. 99
5. 97 5. 100
6. 92 6. 97
7. 88 7. 95
8. 88 8. 95
9. 92 9. 94
10. 91 iO. 93
11. 93 11. 96
12. 98 12. 93
13. 98 13. 95
14. 98 14. 94
15. 96 15. 93
T r e a t m e n t w a lk in g  
T i m e - to r e a c h  180 
Bouts
1s t .  66 s e c . 2nd 65
H e a r t  R a t e s
M in u te s M in u te s
1 . 133 1 . 131
2. 114 2. 115
3. 104 3. 104
4. 104 4. 102
5. 99 5. 104
6. 97 6. 102
7. 97 7. 102
8. 96 8. 97
9. 97 9. 93
10. 97 10. 94
11. 92 11. 91
12. 91 12. 92
13. 105 13. 93
14. 94 14. 90
15. 88 15. 90
s e c .
b i b l i o g r a p h y
7 9 r
B i b l i o g r a p h y
B ooks
F i rm e r ty ,  G e r t ru d e  and T h e o d o re  C o r b i t t ,  H y d r o t h e r a p y , New Y ork :  
F r e d e r i c k  U ngar  P u b l i s h i n g  C o m p a n y ,  1950.
Guyton, A r t h u r  C . ,  T ex tbook  of  M e d ic a l  P h y s i o l o g y , th i rd  ed i t io n ,  
P h i l a d e l p h i a :  W. B.  S a u n d e r s  C o m p a n y ,  1966.
K a r p o v ic h ,  P e t e r  V. and W ayne E .  Winning,  P h y s i o l o g y  of M u s c u l a r  
A c t i v i t y , 7th  ed. , P h i l a d e l p h i a :  W. B .  Saunders~C"o, , 1 9 7 1 .
K r u s e n ,  F r a n k  H. , P h y s i c a l  M e d ic in e :  The E m p l o y m e n t  of P h y s i c a l
A g e n t s  f o r  D ia g n o s i s ~and T h e r a p y "  P h i l a d e l p h i a : - W~' B7 S a u n d e r s  
C o m p a n y ,  1942.
S n e d e c o r ,  G e o r g e  W . , S t a t i s t i c a l  M e th o d s , 5 th  e d . , A m e s ,  Iow a:  The 
Iow a  S ta t e  U n i v e r s i t y  P r e s s ,  1956.
P e r i o d i c a l s
B a z e t t ,  H . C . ,  e t  a l ,  ’’E f f e c t s  of B a th s  a t  D i f f e r e n t  T e m p e r a t u r e s  on 
O xygen  E x c h a n g e  and on C i r c u l a t i o n ,  " A m e r i c a n  J o u r n a l  of 
P h y s i o l o g y  Vol.  119, (May, 1937), 9 3 -1 1 0 .
C l a r k e ,  David  H. , ’’E f f e c t  of  I m m e r s i o n  in H ot  and  Cold W a t e r  Upon R e ­
c o v e r y  o f  M u s c u l a r  S t r e n g t h  F o l lo w in g  F a t ig u in g  I s o m e t r i c  
E x e r c i s e , "  A r c h i v e s  of P h y s i c a l  M e d ic in e  and R e h a b i l i t a t i o n ,
Vol.  44,  (O c to b e r ,  1963), 565-568 .
C l a r k e ,  David  H. and G eo rg e  E .  S t e l m a c h ,  " M u s c u l a r  F a t ig u e  and R e ­
c o v e r y  C u r v e  P a r a m e t e r s  a t  V a r io u s  T e m p e r a t u r e s ,  " R e s e a r c h  
Q u a r t e r l y ,  Vol.  37, ( D e c e m b e r ,  1966), 4 6 8 -4 7 9 .
C o u l t e r ,  John  S. and  G eorge  P i e r s o l ,  " H y d r o th e r a p y ,  " H andbook  of
P h y s i c a l  M e d ic in e  and  R e h a b i l i t a t i o n , P h i l a d e l p h i a :  T he  B la k in -  
s to n  P u b l i s h i n g  C o m p a n y ,  1950. pp. 1 7 2 -1 9 4 ,
Downey ,  Jo h n  A .  , " P h y s i o l o g i c a l  E f f e c t s  of H e a t  and Cold,  " P h y s i c a l  
T h e r a p y , Vol.  34, (1964), 713-715 .
E d h o l m .  O. G. , e t  a l ,  "The  E f f e c t  of  Body H e a t in g  on the C i r c u l a t i o n  in
Skin and  M u s c l e ,  " J o u r n a l  of P h y s i o l o g y , Vol.  134 (1956), 612-619 .
F a l l s ,  H a ro ld  B.  and R o b e r t  D. R i c h a r d s o n ,  " C o m p a r i s o n  of  R e c o v e r y  
P r o c e d u r e s  fo r  the R e d u c t io n  of E x e r c i s e  S t r e s s ,  " R e s e a r c h  
Q u a r t e r l y ,  Vol. 38, ( D e c e m b e r ,  1967), 5 5 0 -555 .
80
G r o s e ,  J o e l  E .  " D e p r e s s i o n  of  M u s c l e  F a t i g u e  C u r v e s  by  H e a t  and Cold ,  11 
R e s e a r c h  Q u a r t e r l y , Vol .  29, ( M a r c h ,  1958), 19-31 .
Happ ,  W i l l i a m  P . ,  W .W .  T u t t l e  and M a j o r i e  W i l so n ,  "T h e  P h y s i o l o g i c a l  
E f f e c t s  of  Cold  A b d o m i n a l  P a c k s ,  " R e s e a r c h  Q u a r t e r l y ,  Vol.  20, 
(May, 1949), 153-169 .
I n s t r u c t i o n  M a n u a l , M o d e l  1 8 - 4 9 - C .  Q u in to n  I n s t r u m e n t s  C o m p a n y ,  
S e a t t l e ,  W ash in g to n ,  1968.
I n s t r u c t i o n  M a n u a l , M ode l  Q l - 6 0 9 ,  Q uin ton  I n s t r u m e n t s  C o m p a n y ,
S e a t t l e ,  W a s h in g to n ,  1970.
K en e f ick ,  T h e l m a  M. and D o r o t h y  D e n k m a n ,  " T h e  E f f e c t  of the A p p l i c a t io n  
of  Cold P r o d u c e d  by  I ce  P a c k s  and  H e a t  P r o d u c e d  b y  the  I n f r a ­
r e d  R ay  on the  A c t iv i t y  of  the I n t a c t  M u s c l e  of  the H u m a n ,  " 
R e s e a r c h  Q u a r t e r l y ,  Vol.  5 ( M a r c h ,  1934 s u p p le m e n t ) ,  92.
R o b b in s ,  A . C . ,  " T h e  E f f e c t s  of  H ot  and Cold  S h o w er  B a th s  Upon A d o l e s ­
c e n t s  P a r t i c i p a t i n g  in  P h y s i c a l  E d u c a t io n  C l a s s e s ,  " R e s e a r c h  
Q u a r t e r l y ,  Vol.  13 ( M a r c h ,  1942),- 3 7 3 -3 8 0 .
R o s e n ,  M e lv in ,  " T h e  E f f e c t  of a  Cold  A b d o m i n a l  S p r a y  U pon a  R e p e a t
P e r f o r m a n c e  in  the  440 y a r d  Run,  " R e s e a r c h  Q u a r t e r l y ,  Yol.  23 
(May, 1952), 2 2 6 -2 3 0 .
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Cold  P a c k s  an d  Cold  S h o w e r s  in  R e l i e v in g  F a t i g u e ,  " R e s e a r c h  
Q u a r t e r l y , Vol.  39 ( O c t o b e r ,  1968) 6 9 0 -6 9 5 .
S i l l s ,  F r a n k  D. and  V e r n o n  E .  O 'R i l e y ,  " C o m p a r a t i v e  E f f e c t s  of R e s t ,  
E x e r c i s e  and  Cold S p r a y  U pon P e r f o r m a n c e  in  S p o t -R u n n in g ,  " 
R e s e a r c h  Q u a r t e r l y , Vol.  27 (May,  1956), 2 1 7 -2 1 9 .
W a k im ,  K hak i l  G. , " T h e  P h y s i o l o g i c  E f f e c t s  of H ea t ,  " H an d b o o k  of
P h y s i c a l  M e d ic in e  and R e h a b i l i t a t i o n ,  P h i l a d e l p h i a :  The B l a k i n s -  
ton P u b l i s h i n g  C o m p a n y )  1950. pp.  3--26.
U N P U B L IS H E D  THESIS
C o o n e y ,  L a r r y  D, " T h e  E f f e c t i v e n e s s  of  R e s t ,  A b d o m in a l  Cold  P a c k ,  
and Cold  S h o w e r s  in  R e l i e v in g  F a t i g u e ,  " U n p u b l i sh ed  M a s t e r ' s  
T h e s i s ,  B r i g h a m  Young U n i v e r s i t y  , P r o v o ,  U tah ,  1966.
H app ,  W i l l i a m  P ,  . " T h e  E f f e c t s  of  Cold  A b d o m i n a l  P a c k s  on  R e c o v e r y  
F r o m  F a t i g u e ,  " U n p u b l i sh e d  M a s t e r ' s  T h e s i s ,  Iowa S ta te  
U n i v e r s i t y ,  Io w a  C i ty ,  1947.
81
V ita
T h e  a u t h o r  w a s  b o r n  J u n e  16, 1927 in  M o n r o e ,  L o u i s i a n a .  He 
r e c e i v e d  h i s  e l e m e n t a r y  and s e c o n d a r y  e d u c a t i o n  in  M o n r o e .  T h e  
B a c h e l o r  of  S c i e n c e  d e g r e e ,  w i th  a m a j o r  i n  H e a l t h  and  P h y s i c a l  E d u c a t i o n  
a n d ' a  m i n o r  in  S o c i a l  S c i e n c e  w a s  r e c e i v e d  in  1950 f r o m  T u s k e g e e  I n s t i t u t e .  
He w a s  a w a r d e d  the M a s t e r  of S c i e n c e  d e g r e e ,  w i th  a  m a j o r  in  P h y s i c a l  
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